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ABSTRACT t'

AN EXPLORATION OF TEAM INFORMATION PROCESSING
IN A DYNAMIC GROUP CHOICE TASK
INVOLVING UNCERTAINTY ‘ i

A The purpose of this regearch was to address the problem of
task situation

facilitating group decision performance in a dynamic

which involves uncertainty through the use of graphic information

presentation and decision heuristics. The investigation involved a

laboratory experiment with groups of three performing a dynamic group
~rhoice task (the Team Resource Allocation Task). Each team completed a
total of 32 trials, half of which were presented at a fast rate of speed
and bhalf{ at a more moderate speed. The teams had insufficient resources
to respond to every event presented, so they were advised to identify
and commi% resources to the most valuable combinations of evente{"
Visual coding schemes for presenting the events varied between teams as
did the presence or absence of decision heuristics provided by the
researcher. |

The most important finding of thid regearch wag that aidd which
fuided the decision process had a much greater impact on decision
quality in a dynamic grbup choice task +than did the form in which
information was presented. Thig finding suggests that how decision
makers use technology (their decigion process) is at least as important
as the technology itself for supporting decision making. Additional
rezearch should be applied to exploring how to aid the decision process.

Other findings included the following: (1) Teams performed better
under moderate time pressure than under high time pressure, (2) Teams
performed better with practice, (3) Heuristics had a greater effect on
Jezigion qualiby under moderate btime stresd bthan under high time stress,

and  (4) Heuristicd had an immediate and lagting effect on decision

quzlity., (-;DM)) e
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ABSTRACT

AN EXPLORATION OF TEAM INFORMATION PROCESSING
IN A DYNAMIC GROUP CHOICE TASK
INVOLVING UNCERTAINTY

The purpose of this research was to oaddreass ithe problem of

farilitating group decision performance in a dynamio ‘task situation
which  involves wuncertainty through the wuse of graphic information
presentation and decision  hauristics. The investigation involved a
laboratory expariment with groups of three nrerforming a dynamic group
choice tagk (the Team Resouroe Allocation Task). Each team completed a
total of 32 trials, half of whioh were presented at a fast rate of speed
and half{ at & more moderate speed. The teamy had insufficient resources
to respond to every event pronnntod}: #0 they were advised to identity

and commit resources to the most valuable ocombinations of events.
Visual coding schemes for presenting the eventa varied between teams as
did'the presence ur absence nf deaigion heuriwtics provided by the
researchar,

The most imporbtant finding of this research was that aide which
fuided the decision process had a much greater impact on decision
quality in & dynamic group ochoice tesk than did the form in which
information wag presented. This {indind asuggests that how decision
makerg ude technology (their decision process) is at least as impoertant
ag the technology ituelf for supporting decision making. Additional
rezearch should be applied to exploring how tn wid the decision proceas,

Other {indings included the following: (1) Teams performed bevter
undsr modarate time presyure than under high time pressure, (2) Teams
parformed betber with practice, (3) Heuristics had a greater effect on
dezizion quality under moderate time stress than under high time stress,
and  (4) Heuristics had an immediate and lasting effect on decision
quElity,
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1.2 INTRODUCTION

In spite of the myriad of studies of group parformance completed,
“we gLill know very little about why some groups are more effective than
ohhars, We know even less about what to do to improve the performance
of & given group working on & wpecific task,' [HACK&d, p. 331)
Computer-based support of group decision making and the explicit
e dizewision of decirion strategies have both been offered as means v
u {mprove group performance. This regsesrch examines how group decision
making performance is affecbted by the provision of a Group Decision
Support Bystem (GDSS). In this study two types of decision mupport are
5 provided to decision making groups, one type involving the information
prezanted for decisdion making and the other type representing an aid bo

w
Pl

o

-n - o
P g

" the process used by the group to make & decision., The goal of the
_f rogearch {8 to investigate the role that may be played by each of these
3§ typey of decision support on group decision making psrformance,

Ky This opening ochapter identifies the general problem addressed by

) the research, details the purpose of the study, and explains the
relavance of the research in general and of the chosen experimental task

by ' in particular, The final four gections of the chapter introduce the
N regaarch approach, present the limitations and LKkey asgumptions of the
gtudy, identify the ocontributions and strengths of the research, and
outline the contents of the remaining chapters of the thesis,
o 1.1 The Problem

Research in decision making has (followed & number of different
avenueg, some more developed than others, There are ample opportunities
among the less developed areaw for further research, For example:

- Research in the ocomputer-baged support of decision making
groups is only beginning (GALLBB), Additional research-based
knowledge about decision processes i» essentinl for the
dsvelopment of more effective droup Decision Support Systems
(GDS8) ; at tho same time, the development and application of
GDS3 toolw a¥ experimental treatments can contribute greatly

to studying group decision processes [KRAEE4],

- e P
- T .F;“‘“—'Q"."- NS i DRI

e

=-  The number of variables involved in and the complexity of
group declsion making witustions make studying these

gituations difficult, a0 empirically based knowledge about
group decision making processes {i» limited (KRAEB4), Among
the variables that Hackman and Morris present as controlling
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factors in  group performance are the task performance
Atrateglies used by group members [HACK83]), There 18 much to
be discovered empirically about how groupz might use
heurigtics as part of a strategy to support their decision
making processes.

=«  There is » growing body of research concerning the impact of
computer=-basad businedss graphics on decision making, The
results of graphios research, however, have been inconsistent
(DESAB4, JARVES], The inconsistent results have been
attributed largely to task differences [DICK8B, JARVEGa).
Regearch is atill needed to identify appropriate matches
batween the decision maker's task and the means of prewenting
information to the decigion maker.

-- Laberatory studies that have attempted to explain improved
decision outcomes associated wlth computer-bagsed decision
support have besn especially simibed, The missing
explanations can be discovered by examining how the decision
making process changes with variations {n the decision support
provided (BENB84),

No single wmtudy can {ill all the gaps in even one of these areas,
but, any study of decision making ahould be aimed at ocontributing some
knowladge to one or more of the areas. The following purpose statement
identifies the gaps which are targeted in this research,

1.2 Rezearch Purpose

The purpose of this research is to explore the impact of variations

in information presentation and of decision process interventions on

group decision quality, In particular, this¥ research addresses the

problem of facilitating growp performance in & dynamic task situation
which involves wuncertainty through ¢the wuse of graphic information
presentation and decision heuristics.

1.3 Relevance of the Research

Nearly every {facet of our society =~- political, legislative,
judicial, economic =~ funotions through decisions made by
groupd. ... The {functioning of every businoss, educational,
and political organization relies on decisions made by
management teams [FISHBO, p. 2],

Group decision making is indeed pervasive in our society, and Huber
(HUDEB4a] predicts that group decision making in the future will need %o

t'a evan more frequent and fasbter and will need to account for greater
complexity in the decision situation. He expects that organizations
will improve the effectiveness of their decision making groups through




the adoption of more sophisticated group technologies. The more that
can be learned about the impact of group technologies on decigion making
teams, the more organizatlions will be prepared to cope effectively with
the dewands of an information-intensive future,

Thig study extends knowledge of the effects on group decisien
oubtcomes of two  factors: computer-based  graphic information
predentation and the explicit provision and disoussion of decision
heucigtics, In particular, the study extends knowledge about the
effacts of both factors in a dynamic decision environment, an
onvironment that has not bean extensively studied. In addition, & major
contribution of this research i# the opportunity to explain fhow
variations in decision support contributes to the effectiveness of
Jacigion making groups,

1.4 Relevance of b a} T :

The Team Resource Allocation Problem (TRAP), the experimental task
for this research, places the deocision making team in a decision
anvironment that hag not been extensively wtudied, but that s
characterigtic of the post-industrial society envisioned by Huber
(HUBES4b).,  Results of the research are applicable in any organization
in which teams of decision makers must make cholces under time pressure
in dynamic¢, uncertain situations,

For example, among & computer operations team's basic duties is
regponding to system messages diwplayed on the computer console. A
number of messages may be displayed simultaneously on the same console,
and the situation is constantly changing, The operations team has b0
chooge from among the messages presented the one that requires the
highedt priority response, Because of the high turnover and the
resulting low experience level among computer operators, organizations
are interested in facilitating operator btraining and task performance,
Sperry Corporation, in particular, is sponsoring research aimed at
improving operabor task performance through inprovemente in the
computer-operator interface ([VANW88). The results of this regearch are
applicable in the development of such user interfaces and in the
devolopment of training programs.




Fublic and private orisis intervuntion teams could also banafit
{rom uging systems that incorporate research findings on supporting team
decivion making. Bteven Fink, President of Lexicon Communications
Corporation, @ management oconsulting {firm specializing in erisis
management, insists that "Every orisis demands a orisis management team’
and identifies the need to collect the appropriate information and route
it to the proper decision makers [FINKBG, pp. 87, 68). Crisis teams
raquire dquick, reliable, and clear information to asupport their
dacisions at timey when stress and time pressure can lead to information
ovarload and miscommunication [HOUS86). An information system designed
to  gupport orisis management must ‘minimize message ambigulty,
information filtering and distortion, and oconflicting insgtructions’
(HOU%B6, p, 3903), The resultas of this sbudy aid in understanding how to
minimize ambiguity, filtering, distortion, and conflicting instructions
in erisis management situations through explieit discussions of decision
strategies and appropriately designed information displays.

Additional spucifio applications of the research results involve
deciglon making teams in the following decision environments:

==  Manufacturing/process ocontrol, Teams must monitor ongoing

operations, identifying end responding to problem situations,

= Alr traffic control/military command and control, Information
in these control wsituations ‘usually ooncerns the past,
pregent, and future Jlocation, identity and certain other
attributes of various objects' to which teams muzt respond
quickly and acourately [WOHLS4].

-- Financial markets, The ostock market is volatile, and
financial managers must react quickly to new quotations for
the benefit of their clients.

In cach of these environments, team decision making ocan potentially be
made more effective through wuze of decision support which incorporates
the results of this research.
1.5 Research Approach

The study was a laboratory experiment, which provided the means for
conbrolled teste of the effeots of sWpecific independent variablew. As
recommended by Banbasat, tho experiment was oconducted with multiple
dopendent variabled and using multiple methods of measurement (BENBB4],
The dapandent variables measured group performance and perceptions of
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workload. The measurement methods used were computer tracking and
questionnaires., These methods allowed the analysis of both the decision
outcomes (what effect the independent variables had on decision
outcomas) and the decision process (how and why the indepandent
variables had an influence),

1.6 Limitations and Key Asgumptions
1.6.1 Limitations., The study is limited in the following ways:

A T ——

-~ The atudy {¢ @specitically oriented to exploring the
performance of three-person teams with the TRAP,  The results
may not be generalizable to other group sizeg or to other
tagks,

== Only a limited set of the variablas involved in +the group
process were examined. Practical limitations demand that many
factors be reserved for other studies,

== Only & limited number of possible treatments within each of
the variables were examined. _Difterent information
pregentation approaches, sets of heuristics, or levels of time
pressure ocould yield different rewults, but practical
limitations again demand that many variations be reserved for
obther gtudies,

1.6.2 Agsumptions, The study war based on the following key
assumptions:

~= College students are suitable subjects for the research, The
characteristios of the college students who served az subjects
for the aexperiment may not exactly match those of the
individuals who would wultimately use wsystems based on the
results of the study. Eapecially for exploratory resgearch
{DICKBG], however, the use of students am surrogates for
decision makeras should not discredit the study [REMUBG],

-  Factors such sy the mix of men and women on a team, the
gseating position of & male on @& mostly female team (or of a
female on & modtly male team), and the mix of levels of
individual experience with . personal computers/computer
terminaly and video games on a team would not materially
affect the results or would be sufficiently accounted for
through random assignment of treatments, This assumption was
gupported in preliminary analygis of the experimental results,

-« Discriminating among the five leveli in the information coding
gchemes would remain within the limits of human information
processing {MILLS6). The subjects were tested to amsure that

they could discriminate among and understand the meanings of
the five levels in the ocode they used, but the test wes
administered under static conditiont with no time pressure.
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The assumption was that the dynamic conditions and the time
pressure of the experimental situation did not place the codes

beyond the limita of human information processing.

1.7 Contributions of the Redsearch

A major contribution of the sbtudy ig that it extends knowledge
about information representation and heuristics effects in an important
decigion context that has not been extensively studied., In desoribing
the likely nature ol post-industrial organications, Huber predicts that
organizational decision making will be more complex; concurrently, there
will be demands for organizational decision making to be btoth more
fraquent and faster. To achieve the requisite decision group efficiency
and ef{fectiveness, organizations will be motivated to integrate computer
and communioation technology into their decision processes, especially
for the high stress conditions facing orisis decision groups [HUBEB4D],
Thisy  research contributes to determining the most appropriate
applications of information technology to group decision making in post-
indugtrial organizations.

Other major strengths of the study are as follows:

.- It iz founded in established reference discipline theory
[(XEEN8O, JARVGY, DESA84).

== It builde on both the managerial graphicvas research stream at
the University of Minnesota and the team technology ressarch
stream 1t the Harry G. Armstrong Aerospace Medical Research
Laboratory, The osharing of definitions, concepts, and
maasurement instruments helps to build a cumulative tradition
of MIS resesarch [KEEN8O, DICKBG).

== The equipment wusged represents state-of-the-art technology in
graphics terminals, yet the study focused on the effectiveness
of the support provided to decision makers rather than on the

technology itself [KEENBO].

== The results of the astudy have practical application both to
the wponworing organization and to other organizations
involved in related tasks (KEEN8O],

-=  The dynamic group task used wimulates o deciwion context that
has not been extensively studied.

-+ The study provided opportunity {for a limited examination of
the cognitive processes underlying the decisions made

(PAYNTH]),
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1.6 Organization of the Thesis
Chapter 2 reviews significant prior research. Chapter J presents a

conceptual model plaoing the study in context, identifies the variables
of intereat, and develops hypotheses f{rom the relevant theory and
ropearch regults, Chapter 4 provides a detailed explanation of the
exparimental task and a full desoription of the research method, The
rogearch outcomes are presented in Chapters 5, Analysis of Results, and
6, Discuseion of Results and Conclusions.

" s - oY . L e e '
NIl e e T LTS AT MU A T A A SR A .
e e e e e et ettt i el el e - 2 - L




2,0 GSIGNIFICANT PRIOR RESEARCH
The gpecific purpose of this research is to address the problem of

facilitoting group decision performance in & dynamic ‘btask situation
which involves uncertsinty through the use of graphic information

precontation and deciwion heurigtios. The (following wections present
highlights of prior research relevant to the areas indicated by each of

tha underlined phrases in the purpose statement.
2.1 Qroup Decision Making

In a review of group research contributions over a period of three
vears from the disciplines of psychology, sociology, communications,
aduration, and administrative sciences, MoGrath and Kravitc determined
Lhat about 40 percent of the wstudies were concerned with the
effuoctiveness of group task performance (MCGRE2)., The large proportion
of performance-oriented studies ocontinued an hisztorical tendency to
focus a major share of research effort on such issues as comparing group
to individual performance and identifying factors that affect group task
parformance, Among the tasks most frequently used were those identified
in MuGrath's Task Ciroumplex am choice tasks, both intellective and
decidion-making tasks (MCGRe4), '

Uvoup decisions are different from those of individuals. in spite
of %he potential problems in reaching consensus and the opportunity for
corflict, & group tends to make decisions of higher quality than the
averago performance of individual members of the group [MINEB4, MCGRE4),
Group decizion making, however, also btends to be inefficient and glow;
groupy tend to proceed in burdt® of sotivity, jumping f{rom one issue 40
ancther {requently, while individuals seem able to sustain concentration
on a gingle issue [FISHBO),

2.1.1 Process Gaing and Losges

Huber suggests that & group's actusl decision-making offectiveness
equale 1tes potential effectivensss pilus gains resulting {rom group
procesded minud losses resulting from group procesves [HUBERZ]., Groups
Lain because they have more resources, more sources of information and
«f new ideas, and more perspectives for critical analysis of ideas
(F18H80). They generate more alternatives and are better at analyzing
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the relative advantages and disadvantages of the various alternatives
(THROB2].

On the other hand, group processes can contribute to lossesw in
decgsion effectiveness. For example, decizion quality can suffer when
individual group mombiil dominate the group process beyond the merits of
their contributions, when group members miscommunicate, or when thare
are  group pressures to oconform [HUBEB2]J. The complexity of{ group
communication limits the group's effectiveness espacially when group
pvdductlviby depends on bthe ocoordinated efforts of group members
[HACK83), Groups also fail to reach their potential becausze they are
ine{fective at identifying members who could contribute most to the
group decigion, For example, the quality of a group deciasion has been
chown to be no different from the quality of the individual deciwion
gelucted as best by members of the group, By contramt, the group
dacigion wag inferior to the individual decleion that actually was the
bagt of the decisions made by members of the group [MINEB4),

2.1.2 Tesk Effects on Group Performange

Group decision procesyes vary according to the task, Intellective
tasks such as the TRAP task used in this study have a correct answer,
For such Lasks, the decision scheme that best fits group performance has
been labelled ‘truth, supported, wins' (MOGR82). In other words, the
group accepts a solution am correct if at least two members know {t to
ba correat, A solution presented by only one member, even {f it ig the
correct solution, may not be readily accepted unless the solution can be
explained easily and is {ntultively compelling once revealed., Groups
accept solutions to ‘eureka’ problems, then, on a ‘truth wins' basis
(MCORB2]).,  Other factors associated with the task (e.g., time pressure)
also influence group performance {ISENBI]. Specifically, Isenberg
found that dincreased time pressure led to lews equal wsharing of
comnunication time among group members, more walient leadership, and
lagn accurate decisions,

2.1.3 Computer-based Support of Group Decision Making

Examining the Iimpact of ocomputer-based support of grouvp decision
making is @& relatively new area of study. A Qroup Decision Support
Sydtem (ADSE) has been defined a¥ ‘an intersctive computer-based system

0




which facilitates golution of ungtructured problems by a get of decision
makers working together as a group' (DESA8B]. GDSS results, although
limited, provide some bawis for understanding bthe impact of computer-
baged support of group decision making.

Only & small number of GDSS' have been developed (HUBER4al]. Of
thode degigned, most have been intended to facilitate decision processes
that it the rational model by helping to identify and clarify decigion
alternativer [KRAE84)., Any one system, however, tands to support only s
snmll aet of specific tasks [HUBEG4a).

Steedb and Johnston [STEES81) compared the performance of groups with
and without computer-based aids in golving a ocomplex intarnational
c¢ridis problem, The system eliocited a declwion tree f{rom the group
baged on pooled inputs from the members, GOroups with computer support
considered more factors, scorsd better on measures of the content and
breadth of their solutions, and developed more detalled courses of
action, Thiey were also more confident in their decisions and more
gatigfied with the process, Groups without computer aupport had the
advantage only in completing the process in leds time.

Turoff and Hiltz (TUROBZ) also compared the performance of groups
with and without computer-based support. The task was a semistructured
gurvival problem, and the computer-based wsupport involved computer
conferencing and a decifion aid in the form of feedback concerning the
dngree of oconsensus achieved., Communications in groups operating with
computer conferencing facilities were more task-orientad than in groups
oparating face-to-face. BSecond, groups with either the decision aid or
formal leadership resched greater consensus in computerized confersnces,
but, groups with both the decision ald and formal leadarship reached no
greater consensud than groups with neither the decision aid nor formal
lundardhip, '

‘ Group Declsion Support System use has also been shown Lo enhance
decigion quality for groups performing a problem-solving task {LEWIB2),
a problem-finding teask (GALLE6], and idea generation in support of an
organicational planning task [APPLBG], Another wtudy provided partial
support for the contention that use of a UDEE provides {or more even
digtribution of influence behavior among group members performing an
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intellective tagk [ZIGUBS], On the other hand, @GDSS use did not
invreage group consengug on a prefereance allocation task [(WATSE87]).

i Nearly all the wtudies of group decision performance have used
static decision taska; i.e,, the task environment remains stable during
the decigion process, The next sub-gection reviows some studies of
decigivn making in dynamic task environments,

2,2 Dynamic Decision Making Tasks

Rapoport suggested that a decision making situation can be

é desuribed aa dynamic when most or all of +the following characteristics

ara involved: (1) decision makers make a series of decisions over time;

;ﬁ 12) previous decisions or other factors may change tawk requirements

:é‘ over time; (3) the results of previous decisions may determine what

R information is available for further decimions; (4) the results of any
’ I? ) dacision may impact future events [RAPO78],

§' In apite of the fact that real decisions are made primarily in

-ﬁ dynamic rather than astatie asituations [LITT86), research in dynamic

E ducision making hus been extremely limited. One reawon for the limited

h ragsarch has been that dynamic decision modelx ‘are 30 complex and

ﬁ: require so many assumptions that the interpretation of experimental

?é resulbe is typically ambiguous® [SLOV77, p. I14], In addition, many

fg ghudies have been plagued by the ‘curse of insensitivity' [(RAPOT8). In

. other wordd, when decision makers are told to optimize their performance

i and are compared on the basis of payolfs received, large variations {n

‘f deciaion behavior typically result in very gmall differences {n payof{.

U On tha other hand, Slovio, Fischhoff and Lichtenstein suggest that there
are some important human factora questions worth studying in the area,

% including ‘How do wvariations in the basic wsystem (e.g. different
h instructions or information displays) .affect people's performance?’
: [5LOVrT. p. 261,
L 2.2.1 Non-Simultaneous Choice
§ Some studies of dynamic deciwion making have explicitly established
3 decigion points at which decision makers had the option elither to make a
t‘ final decision immediately or to seek additional alternatives before
X {: making & final choioe. The point at which a final decision {w made '
ji provides some evidence, for example, about whather the decidion makers
Yy
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have adopted & satisfiocing or a maximizing strategy. Olander found that
a miximizing strategy best described individual behavior, There were,
howaver, some {ndividuals who tended toward wsatisficing when they had
very little information about the alternatives that would be available
with search [OLANTS),

2.4.2 Supervigory Control
Other studies have oconcentrated on tasks related to supervisory

control of wunstable systems, such as those faced by air traffic
eontrollers, manufacturing process controllers, and power aystem
regulators, The human operator’'s task in these problems ig to monitor
various sources of information and to delect and act on those events
that demand their intervention. Such wstudies often compare declsion
mnker performance to & model of idealized performance., Although further
work {8 called for on the elfects of uncertainty in such tasks, there
have bean some consictent findings., Many decision makers performed very
well, parformance improved rapidly with practice, and sume subjects
either oonsistently under-controlled or over-controlled the asystem
{RAPOTS]),

Pattipati, Kleinman, and Ephrath (PATT83) also focussed on
gupervigory control problems using a dynamic decision task adapted from
A task designed by Tulga and Sheridan [TULGBO). The Fattipati et al,
tadk presented up to five events at a time on a cathode ray tube (CRT)
gerean, Each event wa# repredented as a rectangle that appearad
fnitially at the left edge of the soreen, moved across the screen to the
right at various speeds on one of {five linew, and disappeared upon
reaching the 1right edge of the screen. No more than one rectangle at a
time appeared on any one line, The height of each rectangle represented
ite payoff and could be one, two, or three units. The number of dots
digplayed on the rectangle repredented the number of seconda required to
process the avent and could range {from one to five seconds. Subjects
procesded an event by pressing a bubtton corredponding to the line on
which the rectangle appeared. Subjects were told to maximize their
accumulated payoff and were told their scores at the end of each 00-
second trial, Pattipati, Kleinman, and Ephrath were not direactly
intoreated in comparing task performance among individuals, so they did
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not report performance data, Instead, they developed a Dynamic Decigion
Model (DDM) to describe human performance on the experimental task,

The DDM wagd based on the amsumption that, subject to human
limitations, well-trained participants would behave rationally (would
ude gubjectively expected value to choose among available rectangley),
The model took into account such factors as the proceseing time required
for an  aevent, the time available ¢to work on the aevent, the relative
importance (reward value) of the event, human reaction delays, and human
incongidtencies in responding to similar avents, Empirical studies
showed that their model more accurately predicted human performance than
did model’, based on tagk scheduling theory (PATT83).

2.2.3 Team Resource Allocation Problem

Brown and Leupp [(BROWBS5] extended the experimental task developed
by Tabtipati, Kleinman, and Ephrath 4in developing the Taam Resource
Allocation Problem (TRAP). The major extension involved adapting the
tagk for uge with groups of three decizion makers who were sxpected to
coordinate their responses to the tamk., All the evanis in a TRAP trial
moved at tho same speed and required the erame processing time, but
triale could run at different spaeds with event proceszsing time adjusted
ralative to the trial speed. TRAP presented a maximum of 1l events on

the screen at a time and expanded the range of event values, (BGee
Chapter 5 for a full description of the TRAP.)

In a bageline gtudy using the TRAP, Brown and Leupp deturmined that
parformance of +three-person teams was not sirongly affected when the
TRAP wad presented on one large doreen didgplay rather +than three
individual CRT'®#. Although the specific reaults concerning large screen
technology was not a concern in this research, the Brown and Leupp study
did egtablish a research methodology on which additional studies could
bz built [BROWBS], Continued use of variations on the TRAP throughout a
serieg of experiments, with retention of the underlying measuring toolws,

??ﬂ overcomay the difficulties agsociated with a proliferation of meaguring
st

D ingtruments as identified by Jarvenpas et al. [JARVES].

‘i:""

aﬁk The environment {or decision meking in real organizations i# not
L only dynamic; it ig al#o uncertain. The next sub-section outlinez what
1‘.':.

??# redearch has shown concerning decigion making under uncertainty.
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2.3 Dacision Making Under Uncertainty

A gtate of uncertainty exiets when a decigion maker has incomples
information on which to base the decision, Decisions under uncerteinty
have often been suboategorized as either decisions under risk or

decigions under uncertaint,. Deocisions under risk involve knowledge of
all the possible decision outcomes and their probability distribution;
daciglong wunder uncertainty involve knowledge of all the possible
decigion outcomes bub not their probability distribution (MUHSAI].
2.3.1 Expected Utility Theory

The dominant theory under which study of decision making under
unceriafnty has been conducted is the subjective expected utility model
{sLovirl, It has baen used as both a normative and & descriptive model
of human rigky choice behavior [KAHNTO), According to the model,
‘rational® managers weight the utilities of outcomes by their
probabilities and choose wmong alternatives on the basis of the highest
expected utility [MUHSBL), Expected wutility theory, however, has
frequently been oritvicized a# inadequate to desocribe human behavior.
Paople ara, for example, asystematically biased in their parception of
uncertainty [GRET78).
2.3.2 Human Biases

Human biasges remsult from applying mental operations that wimplify
judgments but that also lead to errors, Tversky and Kahneman (TVER74]
have  identified three such mental  operations (heuristica):
ropredentativeness, availablility, and adjustment and anchoring. The
first haeurigtic, representativeness, ocan lead to errors through
ingufficient attention to base rates, sample sizes, or the reliability
of evidence, The availability heuristic biases judgments of
probabilities according to how readily examples come to mind. Finally,
people tend to ‘anchor' on and then to make adjustments from some
gtarting probability esatimate, but the adjustmente tend to be gmaller
than the evidence warrants. Therelore, different ‘anchors’ yield
different probability estimaten.
2.3.3 Progpect Theory

In addition to being biased in their judgments of uncertainty,
humans are often incongigtent in their choices., They {requently do not
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e usn obvious optimal strategien for risky choice problems (LITTE8), To
}u% account for human inconsistencies, Kahneman and Tversky [KAHN79) have
igi proposed prospect theory ag an alternative to expected utility theory.
5%5 A prospect is one of the "gambles’ or probabilistic options {rom which
s the decision maker is to choosa,

Vin According to prospect theory (KAHN79), people go through two phases
ﬁ§$ in choo#ing among prospects;: an editing phaze and then an evaluation
ﬁ%? phasge, In the editing phase, people simplify the statement of the
fli progpects through wuch operations as coding (formulating the proapect in
e terms of gains and loswes from the current poaltion), rounding off
;&R probabilities and outcomes, and discarding extremely unlikely outcomes,
ﬂﬁﬁ In the evaluation phase, the value of each outcome is welghted, not by
o the probabilitied of the outoomes, bubt by & decision weight that tends

ey to overweight very low probabilities and to underweight all other
) probabilities.

fk% The combined effectas of the editing and evaluation phazes aqcount
R for many of the inconsistencies humans exhibit in risky choices, For
:lt example, progpect theory provides an explanation for why humans tend to
3%; galaect certain gains over merely probable gains with comparable or even
ﬂﬂﬂ higher expected value and %o select probable losaes over certain losses
oo [KAINTO).

oy 2.2.4 Alternative Theories

;?E Additional thwories have been offered as alternatives to prospect
ggs theory for explaining human risky choice behavior, For example, regret
FEL; an' disappointment  theories each suggest that the {eelings one
';g: anticipates having wupon resolution of the gamble are factors in
:23 evaluating the alternatives (LOOM82, BELLB?Z, BELLBS, LOOMBS]. Regret is
Ek& the feeling an individual has when it appears, after the {fact, that he
%ﬁﬁ haz made  the wrong ochoice (the horse he almost played wing),

Pigappointment rosults when outcomes fail to match up to expectations
(his number wing the lowest price 4in a lobttery). According to regret
and digappointment theory, then, human inconsistencies in risky choice
behavior can be explained a8 rational tradeoffs between objective
utility and avoidance of or insurance againat anticipated regret or

dignppeintment,
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2.2.9 Risky Ohoice Behavior in QGroups

Some oearly research oconcerning risky ochoice behavier in groups

o suggested that groups tanded to take greater risks than the group
Es manbers would as individuals, a finding labelled the ‘risky shift’
o (FISHBO]. Subsequent studies, however, {failed to support the

goneralizability of the risky shift., Instead, it seems that groups may
shift ("choice shift' or ‘group shift'), bub not always in the risky
o direction; factors such as the significance of the choice outcomes

s apparently influsnce the direction and magnitude of the whift [MUHBBL],
| The Jdifficulties of making decisions wunder dynamic, uncertain
Sﬂ conditions call for aids for the decision maker. Among the alternative
ﬁ; decigion aids are computer-based graphics and decision heuristics, which
'éé will be addressed in the following two sub-mections,
3 ) 2.4 Q@raphic Information Presentation for Degision Making
ﬁg In reporting on research opportunities in the decision and
ﬁ? management sciences ax identified by the National Science Foundation,
e Little (LITT86) included the need to astudy the effectivenexs of
alternative computer-based forms of presenting information, He and
Eﬁ ' cthars have noted especially that state~of-the-art computer graphics
fﬁ technology provided the means and the motivation for research in the use
i of color and graphicy [LITT88, JARVESb, DAVIE3),
~j 2.4.1 Tables versus Graphs
ek The body of research in the use of business graphics has, in fact,
'g‘ baen growing, Early studies fooused largely on comparing tha
ﬂ‘ efloctiveness of tabular and graphic presentations of information for
) dacigion support with mixed results [IVES83, DESAB4). Among the reasons
Ea c1tad for the conflicting results are the following [BENBB6B, JARVBS):
%ﬁ a. Inappropriate sxpsrimental designs
K b. Differences in types of graphics used (bar charty, pie charts,
° etc.)
5* ‘ c. Lack of either & theoretioal or an empirical basiz for
2& hypotheses
o
& d. Task differences
gﬂ Improved technology, used according to established guidelines for
ﬁ: preparing draphics [(IVES82, CLEVES), can now provide high quality
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graphicd for fair comparisons with well-prepared tabular formats. In
addition, researchers have astarted to account explicitly for their
reguoarch baged and for the effects of tugk differences in their results,
2.4.2 Ressarch Programs

Researchers have also stressed the importance of studying the use
of graphics in programs of revearch rather than 1in one-shot experiments
(BENBBGe, DICKeO), Dickson et al, reported on a series of
experiments using three different tamka; the relative effectiveness of
praphical and  babuler formate varied with the demands of the assigned
task, They recommended further investigations of task content, task
complarity, and task struocture as dimensions of the task environment as
it affects the use of graphics [DICKES). Benbasat et al. also conducted
A zaries of three experiments, but using a single resource allocation
tagk; their results reinforced the oonoopt-thatltﬁtormution prasentation
neads to be matched with the demands of the task. In their experiments,
graphical formats allowed faster decision making and were wsuperior for
identifying patterns in the data; tabular formats allowed higher quality
dociuions and were suporior {for ldentifying upecific data values
(BENDBS, BENBB6a, BENBBSDL, BENB8Gc)., 1In & program of research using bhe
Toam Resource Allocation Problem (TRAP), decision performance using a
graphic representation of the task was found to be superior to decision
per{ormance u¥ing a tabular representation of the task, especially under
high time stress conditions [WILB87). In that the TRAP {u esgentially a
monitoring application in which the data presented iz inherently
dynamiec, these results asupport Davis and Bwezey'w findings that computer
graphice are particularly appropriate for dynamic data pregentation
(bAVIBd],

Since a graphic representation haz been established as supericr to
a babular representation for presenting information in a dynamic group
decigion  task (TRAP), comparisons among alternative graphioc
representations are appropriate, Graphic representations of information
can vary along a variety of dimensions. For oxump&:. Ives [IVES8R)
idantified five basic visual input ochannels asvailable to the human
information processing system: color, relative position, brightness,
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movement, and wshape, Appropriate use of these channels has been shown
to aid in target identifioation, a fundamental azpect of the TRAP.
2.4.3 Feature Integration Theory

" Treigman and Golade's Feature Integration Theory suggests that for
tazks such aa vigual search and target identification and localization,
vigual cues that are oconjunctions of features (e.g., ocolor and shape)
require focused attention and seem to be processed serially. OCues
having only a #ingle feature (e.g., color alone) nay be processed in
parallel (l.e., more quiekly),. Further, when multiple conjunctively
¢oded objects are presented under time constrainta or when attention may
be diverted, an individual may incorrectly combine [eatures of
unattended objects and falwely report the presence of specified objects
(illusery conjunctions), Thus, especially under conditiond when
attantion may be diverted or overloaded, subjects perform visgual search
tasks more quiokly and accurately when the objects vary on a single
dimungion rather than a¢ conjunctions of features [TREIBO, TREIBZ),

Beocause other researchers had found qualitative changes {n
parformance on visual tasks with extended practice, Treisman and Gelade
examined the effects of practice on searching for conjunctively coded
objects. They found no indication of movement from serial to parallel
procegsing over 13 blocks of practice [TREIBO),

Others have tempered Treisman and Gelade's {indings. Egeth et al.
suggest that asearch for conjunchtively coded objects may proceed with an
initial parallel elimination of all objects lacking the more zalient
sprcified {feature, A wsegond wbage in the 4search involves serial
examination of the remaining objevts for the specified conjunection ol
{aatures [EGETB4]), For example, a search for red-A objects may start by
eliminating all objects that are not red and then searching saerially for
A'2 among the red objects, Sagi and Julese agreed that single-featured
objecls are detected in parallal, but they found that preciss
identification of o detected objeot requires focal attention on that
object [SAGI8S], Performance differences, however, depend more on the
time required to locate the object than on the time required to identify
the value of the objeot [OHRIB3],
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2.4.4 Color versus Letters

Conaidering only single-featured visual codes, both alphanumeriocs
and color have been evaluatad as excellent for use in locating objects,
although alphanumerica are superior for precise identification of the
objact [DAVIB3)., Research has also shown that more distinctive colors
and shapes allow faster search than less distinctive ones; i.,e,, search
s faster for distinguishing red from green or P from Q than for
distinguishing blue from green or 0 from Q {TREI8BO0, GHANB2].

A considerable body of research exists concerning the relative
effectiveness of visual codes for search and identification tasks,
particularly comparing color to other codes. Christ reviewed 42 studies
published between 1082 and 1073 on the effects of color on visual search
and identification performance. In ten astudies on the acouracy of .
identifying objrots in a unidimensional display, letiers were guperior ]
to color, and the advantage for letters increased with incoreases {n the
dengity of the display and with decreases in exposurs tine. On the
other hand, in four studies on the Sime required to locate objects,
color war supearior to letters, although the difference was less than
bthat found between color and other visual codes (#ize, brightness,
geometric shapes, etc.) [CHRI7B],

In a more recent set of experiments, Ohrist determined that there
are 'no clear and consistent advantages for any one visual code set over
the others® (CHRIB3, p., 83] Where he found differences in the relative
uff{nctiveneds of the codes, they depended on other display conditions
(e.g.,, density of the display), the task, and the dependent measure
ugad, Differences did exist under those conditions most closely related
to the conditions established for thiw study; for locating a specified
object among 12 randomly located objects  in a display, location times
ware ghorter for colored dots than for letters (CHRIBI), Christ has
algo demonstrated that extended practice with & visual task tends to
attanuate any differences in performance based on use of different
gingle-featured codes (letters, digits, familiar geometric ehapes, and
colored dotw) [CHRITS, CHRIBJ].

Although additional work is required to olarify how bast to matoh
vigual codes with task conditions, appropriate graphic displays of task
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information ocould contribute to deocision making effectiveness. The
decigion maker's decision process, which is also an important variable
contributing to decimion making effectiveness, may be influenced by
decigion heuristice. Studies about the impact of decision heuristics on
decigion making will be addressed in the following sub-section.

2.5 leuristios for Degision Making

A number of gtudies have desoribed the heurigtica and biases that
humane typically use in a variety of tesk situations [HUBEBS; SLOV77].
Much has been written, {or example, about human biases in situations
involving wuncertainty and our (failure as intuitive atatisticians,
Humane seek to reduce the complexity in the problems they f{ace through
the us« of heuristios, which reduce the number of alturnativea
convidered to a manageable size [FULL78].

The heuristicy often work waell but may lead Lo serious errors
(KLEIBZL]), For example, human preference for wsimplicity led o
pub~ptimality in a study exploring people's choloes between conflicting
nhalyses of a decision problem [KLEISBZa)., Klein found that people were
mora confident in their decimsions with a simple intuitive analyais than
with a conflicting bul mathematically acocurate analysis, He called for
additional research on training decision makers to recognize their
biauns and %o Know when to legitimately use heuristics,

Given that the heuristics that decision makers adopt are sometimes
biazed, soms effort has been given to examining the impact of attempts
to reduce the biases. Procedures for reducing human biss are
collectively known as debiasing methods (FISC82). The nature of a
particular debiasing method depends on the perceived source of the bias:
if the bias results from a faulty task, fix the task; if the bias
resulty f{rom a blased but perfectible decision maker, provide
Lratning/{eesdback [FIB082], Asauming & perfectible decision maker in a
probabilidtic task, training oould take the form of providing
prescriptive decision rules, or alternate heuristics, with the intent of
determining their impact on decigion performance.

Cat#-Baril and Huber examined the impact of providing decigion-aid
heuridatics on the performance of an ill-structured career planning task,
The tagk rogquired participants to 1d|nt11y' career objectives, generate
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Vf? alternative strategles for achieving the objectives, and prioritizing

the: alternatives, Some participants were provided with a purpose-
'tﬁ‘ expunsion heuristic designed to increase the number of objectives and
iéﬁ alternatlives considered and to explore the alternativea more thoroughly.
;ﬁﬂ Participants with heuristics performed better both on objective measures
fh: of the number . i1usues addressed and on expert evaluations of the
fﬁﬁ quality of the pluns produced. The researchers called for additional
ﬁi: stuldies on the impact of different types of heuristics on tasks with
Lo, difleraont levels of structure [CATS87).

. Johnwon and Payne have dafined risky choice heuristics asg rules
5 that gystematioally w#implify the choice among alternatives by
}Q? digregarding some elemants of the problem space (ignoring some

-Ebﬁ albornatives, wselectively examining outcomes, ignoring wsoms event
" information, eba.), Different heuristics are based on different ,
3% ’ simplifications of the choice, Using computer simulation, they compared
J&W gix houristics wunder a variety of conditions for their accuracy

(gonformity to a ochoice uming expected value) and mental effort
raquired, Their data suggested that ‘heuristics, in at least some task
environments, can approximate the accuracy of normative rules with
substantial savings in effort' [JOHNGS, p. 408).

Kleinmunte [KLEI8S) alwo used computer wsimulation to astudy a
variety of heuristics for medical diagnosis. He determined that the
relative performance of the various heuristics depended more on time
presgure and feedback on the outcome of previous treatmentz than on
factors such as disease base rates, XKleinmuntz concludes in part that
additional research i# needed on how task knowledge iw moquired and how
heurigtics are selected,

Arkes ¢t al. studied conditions under which individuals would
thoose not to use helpful but imperfect decision heuristics in a

probabilistic tasmk. In one experiment, subjects were told (correctly)
that uging the heuristics provided would rewult in 70 percent accuracy
in their judgments, Those who were warned that deviating from the

heurigtio would result in degraded performance and who received no
monetary incentives {for performance did best, matohing the 70 percent
sccuracy level, Those who were encouraged Yo try to {mprove on the
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heurigtic or who received monetary incentives for performance deviated
from the heuristic and judged less acourately. Those who received no
inmediate feedback on the accuracy of their judgments also outperformed
thone who did receive feedback; {eedback about an incorrect judgment
tanded %o cause deviation from the heuristic and degraded performance on
the following trial, In & second experiment, the heuristic provided
resulted in 78 peroent acouracy. Thoss who had expertise in the task
context (or who thought they did) tended to ume the heuristic less and
to perform worse than those without expertise [ARKESS),

2.6 Summary of Relevant Lgtorgtggo

(roup decision processes vary 'dopcnding on  the task. The group
decigion procesan that best fite actual group performance for dynamic
intollective tasks of the asort used in this . research s ‘truth,
supported, wing' [MCGR82). Uncertainty in the task affects group
devision performance in that people are biased in their perceptions of
uncertainbty, and they tend to adopt less than optimal strategies for
rigky choice problems (LITT86)., Debiasing methods, such as providing
tagk training using decision rules (heuristicw), lead decision groups to
adopt more appropriate decision wsbrategien, and thus powitively impact
decision performance (FI8C82],

A considerable body of research has focused on wsupporting decision
making bthrough the presentation of information via computer graphics,
Rasearch results, especially from early lbudi‘!. have been mixed, but {¢
is clear that task differences have an impact on how effectively
graphice can be uged to support decision making (DICKES). A graphie
reprofentation hag  been  established a# wuperior to a tabular
ropregentabion for presenting information in the experimental task
choven for this research [WILEB7). Feature integration theory suggests
that varying the nature of the graphio representation wuwsed in the task
ghould impact the information processing demands on the decision makers
and thus impact group performance [TRE180, TREIBR).

The literature olted in this chapter provided a general foundation
for this study, More wspecific ties between the literature and the
hypotheses for this regearch will be identified in the {ollowing chapter,
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3.0 CONCEPTUAL MODEL, VARIABLE SELECTION, AND RESEARCH HYPOTIIESER

The reviewed literature sets the foundation {for developing a
conceptual model of Lhe research issues to be addressed, for selecting
specific variables to study, and for identifying research questions
about how the variables are related. The firat section of this chapter
explains the conceptual model; it is followed by a section providing the
rationale for choosing variables, (A diwoussion of how the variables
are operationalized follows in Chapter 4.) The third msection of this
chapter i{dentities the research hypotheses,
3.1 Conceptus] Model

A visual representation of the oconceptual model is presented in

Figure 3.1 The gecisjon environment inoludes the nature of the decimion

task as well as the physical and soovial features of the context in which
the decision is made. The group degigion progess, at the heard of bhe
model, entails the sot of procedures by which the group operates on the
available information to arrive at a decision. Veriations in the
content, time of presentation, presentation form, and other features of
the information available to the group may impact the decision procuss.
The decision process adopted may alwo be influenced by the predence or
absence of a degigion gtratedy susgested by outaide sources (management,

regulatory agencies, ebte.). Degigjon oytgomey include the choicen made
along with the feelings and percepbtions of those involved in making the

declwion.  The model elements are addressed further {n the following
subsecations,

Decision Environment

Suggested
Information Decislion
Btrategy
Group
Decision
Process
Decision
Outocomes

FIGURE 3.1, Qonoceptual Model
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3.1.1 Deecigion Environment \

As indicated in Chapter 2, tesk differences have had a major
influence on research results, The experimental task used in this wtudy
wag & dynamic {ntelleative task involving uncertainty and various levels
of time pressure, All albernabtives presented to the decivion making
group represented potential gains (no risk of lows), some of which were
certain and some probabilistic, A detailed desoription of the task is
included in Chapter 4.

The physical feabtures of the deoision environment (lighting,
seating arrangement, equipment layout, a2to,) were ocontrolled., The
social ocontext was controlled only to the extent that each group
received the wsame task orientation, had bthe same opportunity to
communicate, and interacted with bthe same researcher, No attempt was
made bto constrain the composition of the teams in berms of personality,
aptitude, ete,

3.1.2 Qroue Deolwion Proqesy

Huber has veviewsd several models of group desision behavior which
gould explain the process of group decision making (HUBEBL)., The
rational model i» baved on an aswumpbion that group members use bthe
avallable information rationally and make btheir declsions on the basis
of the expeoted ubtility of the alternatives to bhe group as a whole,
The expectation under a wsecond model, the political/competitive model,
iy that the group members act a# individuale who enter the decision
making process with the intent nt intluencing the group for their own
benefit rather than that of the entire group, A third model, bhe
garbage can model, wmphasises chance and biming in the decision making
procens, 10 otabes thab devisions ocour ab bhe inberseotions of
problems looking for wsolutions, solutions looking for problems, and
decision makers looking for oppor\uutbloi bo make deciwions, Finally,
the program model holds that decisions are the natural consequences of
existing group asbtandards and norms and the background, braining, snd
biases of the group members,

All but the program model were discarded for use in bhe conoeptual
model bo desoribe the group decision process. First, as indicated in
Chapter 2, decimlion groups tend not to behave rationally, especially




ol
:f::.: under conditions of uncertainty. Next, since psrformnance wag scored
_l only on a team basis, there was nothing obvious te be gained by any
”Eﬁj individual from a compatitive/political approach to the task. Finally,
;;a e« over the course of this study, each team experienced comparable effects
E&f of chance and timing on their decision alternatives, so any differences
,ff in decision outcomes could not be explained by the garbage can model,
éé? The suggested - decivion strategy used in this study was designed bo
- &&: ovarcome group member biases (e.g§., bias toward certain gaing over
533 uncerbtain gains of equal or higher expected utility) in performing a
' particular dynamic intellective tamk., This research attempts to show
:EQE that the decision processes of teams without the muggested decisjon
jgﬁ strategy may be described using Huber's program model and that use of
Eiﬁ‘ the suggested strategy changes decision processes by overcoming biases.
’ . 3.3 [nformabien
é%i | Information content, availability, and presentation media were held
,33{ conatant for all groups in this wbtudy, bubt information presentation form
;hx varied, A presdentation form that places lower demsnds on the group's
| information processing capacity than another form should reduce the need
f*{ for task training. Adiding the identification and location of high value
' alternatives through appropriate presentation form may also help to
overcome some biases, Information pregentation form, then, may

infiuence the group decision process and ultimately have an impact on
decision outcomes.
3.1.4 Suggested Decision Stratesy

. Hackman and Morris propose that the group strategy for carrying out
a task (the collective choices made about how the group will proceed)
controls & major portion of the variation in group decision performance.
A team may either implicitly or expliocitly develop itw own sbrategy,
which could be either a good or a poor strategy, or it may adopt a
strategy developed outside the group (imposed by management, recommended

by consultants, ete,) [HACK83)., A suggested decision strategy that is H
adopted by a group oconstitutes a direct intervention in the group
decision process. If Huber's program model holds, the intervention

could affect the decision process by overcoming blases of group members
and setting new group norms.
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J.1.5 Plecision Qutcomes A

The most obvious outcome of the group decision process ia the
decision itself. Chervany, Dickson, and Kozar {DIOK77] suggest that the
effectiveness of the decision process may be measured in ‘terms of
decivion quality, vost, profib, time, eto, For the dynamic intellective
task vused in this research, the primery measure of decision
effectiveness was a composite of the correctness and timeliness of
decisions, Other decision oubtocomes include developed or revised

decision astrategies, evolved patterns of communication and influence
among the group members, {ndividual perceptions of the task and of other
group memberys, and so on. For bhis investigation, particular attention
was paid to perceptions of the workload imposed by the task,

The elements of the concepbtual model wnd the relevant literature
suggest a met of possible research variables, The variables chosen for
Vhid sbtudy are identified in bthe next seotion,

3.2 Experimental Varjables

Figure 3.2 categorizes the experimental variables as independent,
dependent, or ocontrolled. The variables in each category are addressed
in the following subsections,

3.3.1 [lnde ar

Chervany, Dickson, and Kozar identified a wet of independent
variables that have an impact on deciwion quality, The independent
variables inolude the decision meker, the deaision environment, and bthe
characteristics of the information wystem used to support the decision
process (DICK77, IVES80), The group decision procesy ibself har alvo
been identified a¥ an importvant variable often ignored in MIS
experimental research [BENBB4). Av {ndicated by the resesrch purpose
statement provided in Chapter 2, this sbtudy is fooused on facilitating
decision performance through graphic information presentation end
decision heuristice, In other words, the primary independent variables
involve the information presentation form (a charscterintic of the
information system) and a wsuggested decimion wstrategy (a direct
intervention in the group decision process), Two additional variables
suggested by the literature were time stress and practice,

a0




INDEPENDENT DEPENDENT

VARIABLES VARIABLES
Information Decision
presaentation A quality
form P’//’/

EXPERIMENTAL Perceived
Suggested TASK ————81 workload
decinion
strategy

Time strens

Practice

Group Decision Physical Information
sira’  objective aenvironment content, ete.

CONTROLLED VARIABLES

FIGURE 3.3, Experimental Variables

3.2.1.1 [Information Pregentation Form. Two distinct contrauts relating

to information presentation form are addressed in this study. First,
baged on [leature integration theory, single-featured codes are
contrasted with codes that use oconjunctions of {features. Feature
integration theory indicates that performance on a visually oriented
tasgk involving location and identification of objects varies with the
form in which the objects are presented (TREIBO], Specifically,
per.ormance uging conjunctively coded objects differs from performance
using single-featured objects. The second contrast addressed by thig
study is between two single-featured visual codes., Christ and others
have shown that object identification performance varies with
dififerences among wsingle-featured ocoding schemes (CHRI7S, CHRIBJ,
IVESB2]. To examine both contrasts in this study, information
presentation form was varied between groups, each decision making team

receiving information presented via & color (single-featured), an
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alphabetic (#ingle-featured}, or a combined color and alphabetioc

(conjunotive) aoding scheme,

3.2.1.2 Suggested Decision Btrategy. For this study, half of the
groups were loft to develop their own strategy and half were provided
with and encouraged to use an experimenter-developed strategy. The
suggested strategy took the form of a set of four decision heuristics
(see Chapter 4) which wshould lead to consistently good, although not
necessarily optimal, performance on the task.

3,2,1.3 Time Stress. Preavious studies using very similar experimental
tasks have shown that performance declines under increased levals of
time stress [BROWSS, WILBEG7), Time sbress should have the same sffect
in thix study, The real intent in including time stress as a .
variable, however, i to wexemine its intermotion with the primary
independent variables, information presentation form and suggested
decision strategy. Are performance differences associated with
variations in the primary variables any more or less evident under
various task conditions? One mechanism for increasing attention loads
(tagk difficulty) in a visual identification task ls to inorease the
speed at which objects are presented (increase time stress). This study
compared performance within groups at two levels of time stress. The
rate at which objects ware presented i{n half of the experimental trisls
wag twice a# high as in the other half; the sequence of high stress and
modoyuto stress trials was randomized.

3.2.1.4 Practice. According to the Power Law of Practice, mental task
performance improves with practice. More specifically, the greatest
improvements are achieved in the early stages of learning with
performance laveling out over time [CARDB3). Performance on the TRAP,
vhen, ahould improve with practice, especially in early sessions, as {}
hag in previous related astudies ([BROWSY, WILS87)., Because of the
potential effects, there have been calls to include practice or learning
ag an independent variable in graphios research [(JARVEObL]., As waz the
cage for the time stiress variasble, however, the practice variable s
included primarily to examine its interactions with the presentation
form and decizion strategy variables, . In this wstudy, each team
completed a training session and a total of 32 experimental trials
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arranged in 4 sessions of 8 trials each. The design provided  for a
within-group assessment of practice effects over the four experimental
gesgions,
3.2.2 Dependent Variables

The decision outcomes of interest in this study were decision
quality and perceptions of workload. For the dynamic intellective task
uged in this research, both decision correctnuss and decision making
time were reflected in measures of decision quality., Perceptions of the
workload impoded by the tazk were oaptured in tarms of percelved btime
streys, mental effort, and paychological stress.
3.2.2.1 Decision Quality. High quality decisions in performing the
experimental task depend on both speed and accuracy in identifying and
committing resources to htgh' value events. Thersfore, performance was
measured in terms of efficiency (scores amassed in given amounts of
time), Specifically, two types of decision quality scores were examined
sand compared across treatments: ratios of the average points earned by
the teams to the points earned by a “model’ decision maker and
proportions of various types of events completed.
9.2.2.2 Perceived Workload. Data on perceived workload was collected
uging the Subjective Workload Assesament Technique (BWAT) (see Appendix
A for a desorintion of SWAT)., Immediately following each experimental
trial, each partiaipant rated the trial in terms of its time stress, its
demands on mental effort, and its paychological stress (level of
confugion, distraction, eto.). The three ratings ware weighted and
combined to form an overall measure of perceived workload. Individual
SWAT scores were then averaged to generate a group measure of perceived
woirkload; team data was compared across treatments.
3.2.3 Controlled Varijables

Some variables that were not chosen as independent variables for
this study are known to affect group decision performance, Thowe
variables (group sive, the decision objective, the physical {features of
the task environment, and the information provided to the decision
makers) were ocontrolled to minimize their influence on the group
decision proceass.
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;&fg . 3.2.3.1 Qroup Size. G@roup size was held constant at thraee 1nd1v{dualu
{ﬁ; per team. '

R 3.2.3.2 Decision Objective. The decision objective (the purpose or
fgé goal toward which decision makers direct their decision behavior) is a
KA variable that can influence the decision process [(OLARS3). The decision

7\{ obJective in the experimental task was to maximize total points sarned
',) by the team. A statement of the objective was included in the training
280 provided to all participants (see Chapter 4).

i 3,2.3,3 physicel Environment. The lighting, seating arrangement, and
,**’ physical layout of the experimental facility wes Iidentical for all

. teams.

B 3.2.3.4 rmation Qon vailabilit : :
ol Huber lists the following data requirements for rational decision making
i (HUBEB1)

$f§ . ==  What are the alternatives?

ﬁﬁ: ~=  What are the future conditions that might be encountered?
o «=  What are the probabilities of the future conditionas?

S -=  What are the ariteria to be used in evaluating alternatives?
== What are the relative importances of the various eriteria?

i&i == What are the payoffe, or ocosts, associated with various
e outcomes?

N == What are the constraints on the payof{s or costs?

?ﬁ: Presentation forms varied, but the content and timing of information to
:3% meet each of the requirements was the same for all groups in this study.
ﬁ? The experimental task way presented %o all teams via individual CRT's.
AN Event sequences were randomized, but the number of events per trial and
.Pw the mix of event types was oconstant for every trial and was identical
;ki for a)l bLesms,

ﬁg: 3.3 Russarch Hypotheses

:: The preceding section on experimental variables identified
}ﬁ‘ information presentation form and decision gtrategy as the primary
?E% independent variables in this research. The pian for the research was
;3, to measure the effect of varying those factors on two decision outcomes:
R decimion quality and perceived workload, The following subsections
;5; provide wets of hypotheses that anticipate the effests of esch of the
) . ,
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~fﬁ ‘ independent variables and their key interactions on deciwion quality and
U perceived workload. The hypotheses in section 3.3.9 address a comparison
of the effects of information presentation form and suggested deciszion

$§ strategy on decision quality and perceived workload,
;;x 3.3.1 Effects of Information Presen
5? Experimental comparisons among a varlety of information
;;3 presentation forms are valuable in that the results lead to practical
?%: guidelines for system development. This research compares the impact of
%g three coding schemes: two 4single-featured aschemes (color and
B alphabetic) and a conjunotive soheme (combination of ocolor and )
i slphabetic), A clear advantage for one scheme would lead to
;ﬂ: recommendations for that scheme in designing asystems for team decision
ﬁﬁ making in wsimilar decision environments, 1If no clear difference among
:55 the gchemes emerges, system designers have & mere open choice, The
SQJ “ following two aubsections present hypotheses concerning the effects of
i;f information presentation form on decision quality and perceivad
::;;E workload,
o 3.3.1.1 Informstion Presentetion Form end Decision Quality. In tests of
ﬁg, . & feature-integration theory of attention, pertormance on visual tasks
;jg; involving location and identification of objects was altered by changing
ﬁk; the features used to distinguish objects in the visual display (TRE180]),
* The theory suggests that people perform visual wsearch tasks more quickly

and accurately when the cues vary on a single dimension rather than as
conjunctions of features. The symbols used to represent events in a
baseline sgtudy using the Team Resource Allocation Problem (TRAP)
(BROWSS) appeared as conjunctions of separable features (shape and
color), 1If, instead, symbols were to vary within a wsingle feature
(e.8., color) teams should be able to recognize events without having to
foous attention on each wsymbol lurlull&. Therefore, they should
identify and choose the most beneficial events more readily and achieve
higher wcored than those teams who musb attend to conjunctively coded
gymbolw,

In & review of color coding research, Ohrigt [CHRITS) examined the
results of a number of studies that reported data on the accuracy and
speed of {dentifying single~featured wtimuli, He concluded that color
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is superior to size, brightness, and shapa but inferior to lettqra for
accuracy in identification tasks. On the other hand, color provided a
speed advantage over letters for locating objects in a display. Ohrist
later confirmed that location times were shorter for colored dota than
for letters in denwe displays (12-object displays as ocontrasted to 4-
object displays) (CHR183). BSince performance in the TRAP depends on
both acouracy and sneed {n identifying the event asymboly, the results
ropopbod by Ohrist provide no olear expeactation of an advantage in TRAP
performance for either alphabetic or color coding.

The combined expectations for the effects of information
predentation form on decision quality based on feature integration
theory and the results of previous research with single-featured visual
codes may be stated in hypothesis form:

Hla, The quality of team decisions in the TRAP will be higher
for teams oconfronted with wingle-featured (either alphabetio
or color-coded) aevent symbols than for teams confronted with
events represented by oconjunctions of features, However,
there will be no difference in deoision quality bebtween teams
using an alphabebio coding scheme and teams wusing a color
coding scheme,

3.3.1.3  Information Presentation Form and Perceived Workload. Because

‘operators tend to adapt to tasks and hold performance constant over a
broad range of cond'tions,' (LEMAGS, p, 0O38] performance measures may
not reflect c¢he {ull impact of the information presentation form
treatments. Although performance differences may be minimal or
nonexistent, howaver, the subjects may atill perceive differences in
mental workload. BSubjective measures of mental workload have been shown
to be wensitive to objective ochanges in task workload (LEMABS),
Therefore, they represent alternative and potentially more sensitive
measures of the impact of differences in i{nformation presentation
treatments in the TRAP,

Since subjective workload measures are alternate measures of the
same effects rather than measures of different effects, it is assumed
that factors that lead to better performance should alwo lead to
perceptions of lower workload, Bpecifically, since feature integratjion
theory states that people perform visual tasks more quickly and
soccurately when the cues vary on & wingle dimension rather than as
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conjuncbvions of f{eabures, it is reasonable to expect that peopleluuing
single-featured cues would also perceive lower levels of mental
workload, Si{nce color and alphabetioc coding schemes seem to trade off
speed for accuracy in visual search tasks, no differences in perceived
workload are expescted batween the two wingle-featured coding schemes,
Thus, the following hypothesis concerning perceived workload parallels
that concerning team decision quality: '

H1b. The perceived workload in the TRAP will be lower for
teams confronted with wingle-featured (either alphabatio or
color-coded) event wymbols than for teams confronted with
events represented by conjunotions of {eatures. However,
there will be no difference in perceived workload between
teams using an alphabetioc ooding dcheme and teams using a
color coding scheme,

3.3.2 Effects of SBuggestaod Degision Btrategy

" Debiasing methoda (techniques for reducing human biaxz in decision
making) include providing ¢training for the decision task (FISCE2],
Providing decision-aid heuristics as a form of task training has bean
shown to [Improve decision performance on an ill-structured career
planning task (CATB87). As an intellective task, the TRAP is a task
with demonstrably correct cholces (MOGRE4). Presoripbtive heuristics for
the TRAP were developed to overcome specific biases evident in the
performance of previous partioipants in the TRAP (see Chapler 4); i,e,,
the heuristics lead the decision makers to recognise the demonstradly
correct cholces, The following ¢two asubsections present hypotheses
concerning the effects of a suggested decision strategy in the form of
decision~ald heuristics on decision quality and perceived workload.
$.3.4.1 Bu ted Deg n t 0 « 1%t has been
shown that, for intellective tasks, the besb~fitting model of a decision
rule is ‘truth supported wins® (if at least two group members recognize
the right anawer, the group will |ocipt it a# correct) [MCGRBA).
Providing decision heuristics should inorease the probability that at
least two group members will recognice the correct choices in the TRAP
and should lead %0 improved decision performance.

. An indirecot benefit of providing decision heuristios follows {rom
the explioit attention paid to a decision strategy. Hackman and Morris
propose that the strategy (the collective choices made about how the
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group will proceed) uged by group members in carrying out the tasb id a
variable that ocontrols & major portion of the variation in group
decision performence, There aseems 4o be & pervasive norm, however,
against explicitly discussing the group strategy in spite of the faoct
that group performence seems to improve with explicit atbention to the
strategy [HACK83). Providing a set of decision heuristics to a decision
making group and encouraging a discussion about the heurisbics should,
therefore, lead Yo improved decision performance.

H3a(1), The quality of team decisions in the TRAP will be
higher with provision and discussion of deoision heuristics
than wibthout provimion and disoussion of decision heuristics.

A particular aspect of decision quality of special interest to this
study {2 the quality of decisions made under uncertainty., (Note that
this asmpect of decision quality was not addreswed in the disoussion
about the effests of 4information presentation form. Bince uncertain
events in the experimental task are presented to all decision beams in
identical formats (see chapter 4), there ashould be no presentation
impact on decisions sbout uncertain events.)

JExpected utiliiyv theory states that rational decision makers, given
the possible payoffs of the slternatives and  the probabilities of
various stated of nature, choose among alternatives on the basis of
expected utility (the product of the probability of an outcome and its
potential utility) [KAHN78]., In a number of studies, however, decision
makers have tended to favor ocertain outcomes over merely probable
outcomes with equivalent or even higher expected value (an aspect of
prospect theory) [KAHNT®)., Prospect theory, then, would suggest that
teams would undervalue uncertain events in the TRAP, The ‘choice shift’
phenomenon {n groups, the tendency for groups o gamble more or less
than their individual members would in naklpg the same deoision [(FIBH80,
MUHS811, suggests that teams oould either wundervalue or overvalue
uncertain events in the TRAP, The direction of difference, therefors, is
difficult to predict, In thes abaence of provision and discussion of
decision heuristios, however, teams should seek additionsl information
about and then commit resources to uncertain events in the TRAP at a
rate different from that anticipated under expected utility theory,
Since the heuristios provided as a suggented decision atrategy are based
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in part on expected wutility theory, however, teams receiving and
discusaing the heuristios should choose to commit resources to uncertain
events according to expected utility theory. -

H2a(3) . Without the provision and discusaion of decision
‘ heurimtics, teams will week oadditional information about and
commit resources to uncertain events at & rate different from
that anticipated acoording to expeoted utility theory. With
the provision and disoussion of decision heurigbics, teams
will seek additional information about and commit resources to
uncartain events according to expeated utility theory,

3,3.2.2  Bugdested Deciwion Btrabegy and Percejved Workload. S8ince the
suggested decision strategy is expected to increase the probability that
at least two group members will recognize the correct choices and #ince
the group will know that they share a common stirategy, teams receiving
the heuristics should perceive a lower level of workload in the TRAP,

H2b, The perceived workload in the TRAP will be lower with
provision and discussion of deoision heurisbics than without
provision and discussion of decision heuristios,

3.3.3 Effects of Time Stress

Among the dimensions on which a decision task ocan vary are task
content, task diffioulty, and tesk wtruoture {DICREO), For bLhiw
research, common task content and task structure were maintained for all
participants in all sessions, 1In order to detect some of the influence
of the task environment on performance, task difficulty was varied. One
mechanism for increasing task difficulty in a visualidentification task
is to increase the #peed at which objects are presented (increase time
sbress).
3.3.3.1 Time Stress and Decision Qualjty. Previous atudies using very
similar experimental {asks have shown that performance declines under
incressed levels of time wstress (BROWES, WILSE7], Time stress should
have the same effect in thias astudy.

H3a. The quality of team decisions in the TRAP will be higher
under moderate time pressure than under high time pressure,

3.3.3.3 Time Stress and Perceived Workload. Particularly since one of

the three components of the workload measure used fouuses on time
stress, perceptions of workload in the TRAP should increase under
increased time stress.
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H3b. The perceived workload in the TRAP will be lower undep
moderate time pressure than under high time pressurs, y

3.3.4 Effects of Practice

Because of the potential effects of learning on task performance in
tasko using graphic representations, thers have been calls to examine
practice or learning effects in graphics remsearch (JARVEEDL]),
Participantd in this study completed a btotal of 32 experimental trialw,
providinh opportunity to deteot the impact of learning on performance,

3.3.4.1 Pragtice and Decision Qualjty. According to the Power Law of
Practice, mental task performance improves with practice, More

specifically, the greateat improvements are achieved in the early stages

of learning with performance leveling out over time (OARDEJ].

Performance on the TRAP, then, should improve with practice, especially

in early wmessions, as 1% has in previous related atudies (BROWES,
. WiLBe7l.

H4a, The quality of team decimions in the TRAP will {mprove
with practice, especially in early sensions.

3.3.4.3 Practice and Perceived Workload. With practice, decisions in
the TRAP should become relatively routlno.. Perveptions of workload,
then, should decrease ab a decreawing rate.

H4b.  The perceived workload in the TRAP will decline with
practice, especially in early sessions,

J.3.8  Interachtive Effecte of Time Bbtrews and lInformation Presentation
Form

One primary interest in examining the effects of time stress in
this vevearch oconcerns the interactive effects of time stress and
information presentation form. The impact of information presentation
form could vary depending on task diffioculty, operationalized {n this
atudy as time stress,
3.3.6.1 Time Stress/Informatio 0 Form and Degimion Quality.
Since time pressure would oconstrain the time availabla to focus on
individual symbole, tesms that ocan recognize aymbole in parallel should
have an increasing advantage a# time preseure inoreases over tLeams that
must attend to wymbols serially. Treisman and Gelade alwo report that
operating with conjunctively coded objeats under time constraints leads
to {alde positive errors (i{llusory conjunctions) (TREI80), Therafore,
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the advantage of wsindie-fea.ured asymbols over conjunctively loodcd
symbols should be more proncuncea when time pressure incresses,

Chrigt (OHRI78] ‘oucivded thrab She relative effectiveness of
gingle-featured (color and alph nun.ric) symbols for pagouracy in
identification tawks varied wivh .ask difficulty, For example, the
acouracy advantage for alphanumeric sywbild inoreases with increases in
the number of sbtimuli to be idenbif:ea and with decreasges {n exposure
time. The gpeed advantage for locating oc'ors over loocating letters,
however, should also be more intense wunder high dime pressure. Bince
thure are offsetting forces assoviated wibth time pressure, (% {9
resgonable to expect that bhe relative efsewcb.veness of alphabebiocally
coded wymbols and color coded wymbola in L.us TRAP should not vary with
inoreased bLime pressure,

H%a. Time prassure and presentation breatmend will interaeh
such thad  She advantage of wsingle-featured aoding over
‘eonjunctive coding for deciwion quality will be greaber under
high time pressure than under moderade btime presaure.
However, She vrelative effeobiveness of alphabebtiy and color
coding for decision quality will remain the aam. whebher under
high or moderate time presuure,

3.3.5.2  Time Stresy/Iniormstion Presentation dovm _snd Pergeived
Workjond. The strain of abttempbing to serially attend bo wach symbol
under inereased bime pressure whould affect bthe workload percepbions of
teams using eonjunatively coded wmymbols. ‘Therefore, the advantage of
gingle-featured symbols over conjunctively coded symboly should be more
proncunced when time pressure inoreasea. Offsetting foroces relating
time pressure to single-featured cudes, however, lead b0 an expectation
that any differences 4in workioad perceptions between teams u3ing
wlphabetically coded symbols and beamd using color coded aymbole will
not vary with increasved time pressure,

HOb,  Time pressure and presentation treatment will interact
such that the advantage of winjle-featured wcoding over
cenjuncbive wcoding for perceived worklead wiil bde greater
under Mgh time pressura bthan under moderate btime pressure,
However, the relative impact of alphabetic and color coding on
perosived workload will remain the same whether under high o
noderate time pressure,
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3.3.6 Interactive Effects of Fractice and Information Fresentatign Form
‘As was  the case for time wbtress, a primary interest in examining
the effects of practice in bthis research concerns the interactive
effects of practice and information presentation form, Practice could
mediate the impant of information presentation {form on performance and
perceived workload,
3.3.6.1  pPregbice/Information [Presentetion Form and Decjzion Quality.
Because other researchers had found qualitative changes in performance
on vigual basks with extended practice, Treisman and Gelade examined the
effents of practice on searching for conjuncbively coded objeots., They
found no indication of movement from serial %o paraliel proceduing over
13 bloocks of practice [TREISO). Theretfore, performance differences
between conjunobive and single-feabured coding schemes should remain
consbant aven with axtended practice,

On bVhe other hand, Ohrist has demonxbraded thadt extended practios
with & visual btask tends %o abbenuate any difierences in performsnce
based on wuse of different wsangle=feabured ocodes (lebbers, digite,
familiar geometric shapes, and colored dots) [CHRIT?S, OHRIS3), 1In other
worde, albthough no overall difference in performence has been
hypothesined bebtween the alphabetic and color ooding achenes, any
differences thad might exisb during early experimental sessjons would be
atbenuated with prastice, .

Hoa. Practice and presentation breaatmend will interact such
that any difterences {n the relative effectiveness of
alphabetia and color ocoding for decision quality will
attenuate over the four experimental wsessions, Howaver,
differences in the relative oeffectiveness of conjunotive and
single-featured coding will remain oconstant over bthe four
eiperimental sessions,

3.3.0.2  Pragtige/iniormation Presentation Form and Perceived Workload.
If the mechanism by whioh people must idendify oconjunctively coded
symbols (serially atbtending to each symbol) does not vary with practice,
it {ow likely that differences 4in worklosd percepbiond betweun those
using conjunctive and those using single-fesbtured schemes will not vary
with practice, On the other hend, practice should make users equally
vomlortable with any eingle~featured ooding wscheme, atbenuating any
e early differences,
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HOb,  Practice and presentation treatment will interact suoh
that any differences in peroeived workioad associated with
alphabetio and ocolor coding will attenuate over the four
experimental wseuwmions, Howaver, diffarences in perceived
workload associated with oconjunctive and single-featured
coding will remain constant over bthe four experimental

sesuions,
3.3.7 Intersgtive Effects of Time Stregs and Susgested Decigion
gbravesy

Time stress, ag a component of task difficulty, s expected %o
interact not only with information prolonbihion form but with the
suigested decision atrategy. The dimpact of the suggested decision
sbtrategy could vary depending on the level of time stress,
3.8.7.1  Tine Bbress/Sutdested Decision Stratesy and Degieion Quality.
The provigion and disoussion of heuristics eshould routinize some
decisions or establish an efficient process for making decisions.

* Therefore, heuristios should be even more beneficisl under high time
gtress than under modarate btime stress,

H7a, Time pressure and heurianbics btreatment will {nteract
sush that the differenve in decision quality related to
heuristios treatment will be greater undor high btime pressure
than under moderate time pressure,

3.3.7.3 Time Strews/Susgested Degiyion Stratesy and Perceived Workload,
Agsuming that the heuristios provided are simple und limited in scope so
as not to induce wtress themselves, roubtinieing decisions through
provision and discussion of heuristics should reduce workload
parceptions even more under high time siress than under moderate time
streas,

Kb, Time pressure and heuristics treatment will interact
sush that the difference in perceived workload related to
"heuristios btreatment will be greater under high time pressure
than under moderate time pressure.

3.3.8 Interactive Effeote of Pracbige and Bustegted Decision Btratesy
Along with examining the mediating effects of practice on the
impact of information presentation form, shis sbudy addresses the
interactive sffects of practice and the suggested decision strategy.
3.3.8.1 Pragtice/Suggested Degimjon Stratepy and Decision Quality.
Extended practice with the TRAP should allow Leams to discover and adopt
A on their own strategies that approximate the benefits of the suggested
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decision satrategy. If 80, performance differences between khams
operating with and those opearating without the wsuggested decision
strategy would attenuate with practioce,

Hea, Practice and the wsuggested decision atratogy will
interact such that the advantage with provision and discussion
of decision heuristics will attenuste over bthe four
experimente) sessions,

3.3.8.2 Practice/SBugdested Decision Strategy and Perceived Workload.
As teams without the suggested decision strategy discover and adopt
sbrategien that routinize decision-making, btheir percepbions of workload
should approach those for teams with the suggested decision sirategy.

HObL, Practioe and the wsugfgested deoision abtradegy will
{interact such that differences in perceived workload between
teams with and those without provivion and discussion of
decision heurisbics will atbtenuate over the four experimental
sessions,

3.3.9 Relative Effecty of Informabion Preventebion Form and Suspested

Decision Strategy
While there have been studies about the effects of various

presentation forms and others about the effects of suggested heuristics,
there ia very little rosearch evidence gonverning the relavive impact of
presentation form and heuristios. Oats-Baril and Huber examined the
effects of decision-aid heuristics on decision quality in an ill-
structured career planning task, In their study, use of a heuristic had
s positive impact on decision quality, bubt computer delivery of decision
aide, as opposed to paencil-and-paper delivery, had no effect (CATS87]).
Given the limited theoretical and research basis for prediction, the
hypotheyes addressing relative impact are stated hare in the null form,

3.3.0.1 Informabion Presentation Form vy Sugpested Degisjon Siratesy

and Decision Quality.

H9a, The magnitude of {mpact on deocision quality related to
information presentation form and to bhe suggested decision
strategy will be the sanme.

3.3.9.9  Information Presentation Fo m.u_._uuum_mummuu
and Percejved Workload.

HOb., The magnitude of impact on perceived workload related to
information presentation form and to the suggested decision
strabtegy will be the sanme,
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3.4 Summary of Hypotheges 1)

The hypotheses for this regearch predict that information
presentation form, suggested decision strategy, time pressurs, and
practice each have en impact on both doolllon' quality and perceived
workload in & dynamic group decision task involving uncertainty. The
two primary independent variables, information presentation form and
suggested decision wstrategy, are hypothesized to have equal impact on
decision quality and perceived workload. Time stress and practice are
hypothesized to have & modifying influence on the effects of information
presentation form and suggested decision stratcgy. The next chapter
explains the ocontext in which the hypotheses were tested by describing
the experimental task and the procedures {ollowed in conducting the

research.
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4.0 RESEARCH ENVIRONMENT AND METHOD X

Because of the importance of task variablez in experimental
research, the first section of this chapter is devoted to a description
of the experimentaml task used in this wstudy, the Team Resource
Allocation Problem (TRAP). The #second asection outlines the methods
followed in carrying out the study.

4.1 Experimental Task

Thig research s part of a series of experiments conducted at the
Harry G. Armstrong Aercspace Medical Research Laboratory (AAMRL) at
Wright-Patterson Air Force Base, Ohio, under the overall title, °"The Use
of Team Technologies to Enhance Multi-Human Decision Making.' The
purposs of the research program i# to understand the variables that
influence small group decision making 4in an Air Foroce command and
control setting, Command and control decision making, which is clorwely
related to performance review and monitoring, is among the taske for
which empirical research concorning the u‘c!ulnall of graphic displays
18 most lacking [JARVEOL), The 4series of experiments at AAMRL uses
variations of a dynamie group choice task called the Team Resource
Allocation Problem (TRAP),

4.1.1 Team Resource Allocation Problem (TRAF)

The TRAP was designed to simulate both the individual cognitive
procesyes and the small grou- interaction processes involved in making
command and control decisions. It was derived f{rom the task umed by
Fattipati, Kleinman, and Ephrath (PATT83]) to study dynamic individual
decigion making, The TRAP s intended to be a general problem,
adaptable to a variety of research objectives.

In its ourrent form, the TRAP is designed for three-person teams
who are seated side-by-side and allowed to communicate (freely. Figure
4,1 depicts the weating arrangement. Each team member has a four-button
control box, which {is {llustrated in Figure 4.2, Identical TRAP
digplays arey presented simultanecusly +to each team member via Silicon
Graphics 2400 RGB high-rezolution computer graphics work stations.
Figure 4.3 portrays a TRAP display at s disorete point in time as it
might appear using the alphabetic treatment.
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FIGURE 4.1, Seating Arrangement
K

reser I B smar
BB vow

FIGURE 4.3, Control Box

4,1.2 TRAP Events

An many ag 11 events may be portrayed at o time, each appearing on
a separate row in the TRAP diasplay. A team earns pointas by committing
its resources to an event or events for the required period of time. As
briefed to each team during a training session (see Appendix B}, their
objective for the TRAP iws

to sccumulate as many points as possible as & team. This
means discussing alternatives with the other members of the
team in order to make optimum selection of events. As there
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W will be more events than the team can pogsibly procesg,
R combinations of events should be smelected which optimize team
’ performance and total point aount.

Events are represented symbolically on the TRAP display. Each new
o event ls assigned randomly to an available row in the display; its
o symbol appears initially just +to the right of column O in its aswigned
! row., The event symbols move acroas the display at a common, steady rate
e until they disappear from the right side of the soreen,
X 4.1.2.1 TRAP Event Timing, -An event symbol appears on the display for
" & total of 30 time units, and teams are required to commit resources to
. an event for 10 time units to earn its points. Under the high time

o stregs condition a time wunib is 1 wecond with & new event symbol
ﬁ appearing every 2,72 seconds; under the moderate time stress condition a
;ﬁ time unit 12 2 wseconds with a new event symbol appearing every 5,48
i; seconds, Pilot studies revealed that a 2-second time unit allows good
:@ " teams %o spproach maximum scores; scores are significantly lower with a
gﬂ l-second time wunit. The rates abt which new events appear provide for
& the powssibility of diaplaying an event on each of the 11 rows at the
same time (e.g., 30 time units/1] rows = 2,73 seconds batween events),
a , Esch TRAP  4rial wunder the high time stress condition is
?E approximately 4 minutes long; trials under moderate time stress take
5: approximately 8 minutes each., Teams have to make their decisions more
E quickly under the high time atress condition; events appear at a fasgter
ﬁ' rate and move across the display more quickly. However, equivalent
W scores are possible under either time stress ocondition. The number of
;E svents presented (44 certain events and 30 uncertain events) end the mix
- of point values available in a trial are the same under both conditions,
'E? Escause the amount of time that team members are required to commit
:ﬁ resources to an event is proportional to the duration ol & time unit,
E; teams can theorebically complete the same number of events and sarn the
o same gcores under both levels of time stress,

Eé 4,1.2.2 TRAP Event Types. Two btypw¢ of events are represented in the
i: TRAP:  certain and uncertain events. OCertain events are represented as
ﬁs tircles and uncertain events a8 black rectangles, The payoff for
(: committing resources to certain events ig known and guaranteed, The

payof{ for committing resources to uncertain events ig initially unknown
' A8
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and, once known, ig not guaranteed, (A gpecified probability exists
that no points will be earned for committing resources to uncertain
events,)

4,1,2,2.1 Certain Events. Table 4.1 identifies the possible point
values for certain events and the frequency with which each event value
appears in & TRAP trial. A TRAP trial presenta a total of 44 certain
sveants, distributed such that each team member haz an equal opportunity
to participate {n events of a given value, For example, the six 1-
point-per-parson, one-person events in each (rial are agsigned asg two
for each team member., A small set of avents of randomly selected values
is also presented at the beginning and end of each trisl; performance on
these buffer events is not analyzed.

TABLE 4.1, Point Values for Certain Events

Pointa Total
Per Person Points  Frequency

1 3 0
One-
Pearson 3 3 12
Events

] 8 6
Two- 2 4 0
Person
Events 4 8 6

1 3 2
Three-
Pearson 3 9 4
Events

5 13 2

4.1.2.2.13 Uncertain Events. Mixed among the 44 ocertain events
presented to the participants are 20 events of initially unknown value
(gome ‘black boxes' among the coded circles)., When a black box appears,
participants may get additional, though imperfect, information aboub the
event 1f all three team members commit their resources to seeking
information, Following that commitment and a brief time delay (two time
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units), the probability of payoff, 'H'igh or ‘L7ow, and the number of
points possible for completing the event appear in reverse video on the
black box (see Figure 4.3, Row 11), The team may then choose to commit
or not to commit resources to the event as with any other event,

During the training session on TRAP with uncertain events (see
Appendix Q), participants learn that

a. the probability that committing resources to an uncertain event
will pay off i# either high (80 percent) or low (20 percent)

"b., two possible point values (0 and 31) are sssociated with svents
having & high probability of payoft and two possible point values (36
and 84) are associated with events having a low probability of payotf

c. each of the four possible types of uncertaln events (H9, H3l,
L36, LB4) is equally likely to ocour, and

d. considering the payoif probabilities and the time delay to scek
information, the uncertaln events are, on average, about equivalent to
10-point, three-person events (3 1/3 points per person).

The payof! probabilities and point values used were chosen such
thot an optimum strategy would include two features:

8. sesking information aboub a majority of the black boxes and

b. committing resources to about half of the uncertain events for
which additional information is obbained (bhose for which the expected
value exceads the value of othar events available on the display).

Scoring for the uncertain events varies from that for other events,
A team that commits resources to an uncertain event expects to reaeive
all or none of the possible points for the event, depending on whether
or not the event pays off. Therefore, scores displayed to the team
ra{lect award of all or none of the possible points, Of the {ive HO
events available in a trial, for example, one is randomly selected in
advance to pay no points should the tesm commit resources to that event,

The rescarcher, however, is interested in comparing the quality of
the decision making rather than degrees of luck among the teams. Scores
could be distorted, for example, if & team randomly received a large
numbar of points for ocommitbing resources to s few low probability
events or if & team fails b0 gain any points deapite commibbing
redources Yo & number of high probability events, Therefore, separate

47

' AR .
BVCAMBCAKAN AN BACIIOIICILNIL M WA JMN DA AN ERIOMOLE SOOI DL TN v
Al i wictals mbe adeiwbe aB. aoetaderatnini tud Rak uitab.bah mab 2ab ad Gaf vab 44l 18 Soh 6.8 Guh bob @o8 b Hab duw EMIICICELS ‘e .m b ainh ot e ta at
- oy ™ e B X Bl e Y T o =N - s = - bl fodind




v Ty L AN ) N
na ol ne alp na obiinid all e

!

dcoreg are computed for research purposges which add the cxpecbgg value
(the probability of payoff times the possible point value) of each
completed uncertain event to the asccumulated points {for the certain
events. Teams should elect to commit resources to uncertaln events only
when the events' expected values exceed the values of obher events on
the display. Therefore, scorss based on expected values more accurately
represent decision making quality.

4.1.2.3 Committing Resources to TRAP Evepts. Somea events may be
handled by an individual team member; handling other events may require
a specified set of twoe or all tbthree team members to oommit their
resources, The black squares in columns A, B, and C in the TRAP display
indicate which team members must commit resources to an event to earn
ito pointe. The black square(s) appear on & given row at the same time
that an event symbol appears on that row and remain on the display as
long as the event symbol remains, On the display depicted in Figure
4,3, team member A can hFandle the svent on row 2 individually (a black
square appears in column A of row 2), but both team members A and O
would be required to commit resources to the event on row 8. No black
gquares appesar on row 3 since no event is available on that row,

Each team member controls a separate cursor which can be moved up
or down (using the up and down buttons on the control box) to any row in
the member's ocolumn on the display. The curdor (an asterisk) is green
when the team member is available Yo commit resources to an event (see
Figure 4,3, Column A, Row 3), A team mamber commits resources to an
event by presaing the start button on the control box while the ocursor
is on the row of a chosen event, at which point the cursor turns red
(¢ee Figure 4,3, Column B, Row 1), If additional members are required
to commit resources to the same event, the black square in the first
member's column turns pink indicating "waibing®' status (see Figure 4.3,
Column B, Row 1). The cursors, even while they are red, may be moved to
other rows in preparation for other aevents (e.g., team member O has
moved the oursor from Row 7 to Row 8 in Figure 4,3). The start button
will not work, however, until the previous commitment i# complete, A
member may abort a commitment to an event by pressing the reset button
on the control box.
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4.1.2.3.1 Opportunity Window. In order to commit regources to ankevant
for a full 10 time units before the event leaves the screen, a team must
start the event before it reaches +the end of the opportunity window,
The end of the window is indicated by a vertical line placed such that
events reaching the line will remain on the display for 10 additional
time units (wee Figure 4,3). 1If a team has not started an event by the
time it reaches the end of the window, the team won't be able to commit
resources to the event for a sufficient amount of time and won't be able

to earn any points for that event,

When all required members have committed resources to an event, the
black square(s) turn yellow (wee Figure 4.3, Oolumn O, Row 7). In
addition, a horizontal black bar appears in that event's row (see Figure
4.3, Row?). The bar starts where the event symbol was when all required
resources were committed, It extends to the right for the distance the
event symbol will move in 10 time units, the rewource commitment time
required to earn points for the event, The bar remains stationary, and
the event symbol moves through the bar. When the esvent symbol moves out
of the bar, pointa for completing the event are automatically added to
the accumulated points table in the lower left corner of the diasplay,
and the cursors for team members whose resources were committed to the
event turn green, At the same btime, the event symbol, the yellow
squares in columns A, B, and ¢ on the w~ame row, and the black bar
digappear,
4.1.2.3.2 Resource Statug. The table in the lower right portion of the
display (wee Figure 4.3) provides details on the status of team member
resources, A black wsquare in the ‘Free’ rovw indicates that a teanm
member's resources are available (see Column A of the table {n Figure
4.3), A blinking pink square {n the "Wait' row indicates that a tean
mamber's resources are committed but nonproductive until other member(s)
commit resources to the same avent (see Column B of the table in Figure
4,3), A digit in the ‘Work' row indicates the number of time unite
remaining before a team member's resources will be freed from a current
commitment (see Column O of the table in Figure 4.3),

4.1,2,3,3 'Model' Resource Commitment. A computer model that uses

‘gorrect’ logie in performing the TRAP has been developed as a bawis for
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:E:::E ‘ comparigon with performance by human teams. The computer model cpmpares
5§$: the valuss of all alternatives and commits resources to the highest
- value event or combination of events available abt & point in time. Ib
‘ﬁb repeats its assessment and resource commitment cycle each time its
resources are fresd throughous & brial,  (Notw  that bhe model
0 suboptimizes on the events available at a given point in time rather
'%3‘ tha? optimizing over an entire trial,)

ol For research purposes, overall team scores are stated as ratios of

the points earned by the team to the points amassed by the model. Team
B scores reflecting proportions of each event type ocompleted are also
compared to model results. Rolutln; beam scores to ‘best possible’

3}: scores helps b0 alleviate any bias associated with variations {n the
3ﬁ‘ difficulty of the experimental trials (trisl diffioulty varies due to
5 the randomized sequencing of events).

g& . 4.1.3 Presentation Treatments

;& One objective of this research was to examine the effects of
3&?- different information presentation forms on group decision quality and
;bﬁ. perceived individual workload, That objective was met by measuring the
e _ impact of variations in the features used to represent certain events.
ﬁgi This subsection explains the presentation treatments used.

Sﬂ: Recent remearch on Group Declwion SBupport BSystem design suggeats
9?: that group performance should be enhanced when festures of the group
’SE decivion support system match tyo requirements of the decivion task
iéa (DESAB8). For intellective tasks such as TRAP, DeSanctis and Gallupe
ﬁg suggest that bthe Group Decision Bupport System should provide sssistance
r in identifying the correct alternative [DESABS)., Features used to
ﬂgg repredent events in the TRAP, therefore, should aid in identifying the
iﬁs most beneficial events,

;Qg Thig research examined a set of presentation features to determine
. which best  support identifying high-value TRAP  events.  Three
;ﬁg alternative forms of the TRAP have baen developed to allow between-group
?ﬁg comparisons among presentation treatments, each using a different event
gi& coding scheme. The three presentation treatments ume either & single-
nj featured coding scheme (a color scheme or an alphabetic scheme)
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224: or a conjunctive schems, The conjunctive scheme combines the cojor and
. alphabeatic schemes,

Table 4.2 presents the coding schemes wused in the study. In the

u‘i color scheme, aeventis appear as ubior-ttllad oiroles; in the alphabetio

; scheme, eventa appear as yollbw4£111|d oircles wibth black capital

letters centered within the oircles; ir. the conjunctive scheme, events

o appear ag red- or blue-filled  oiteles with black capidal lebters,
;g& Table 4,3 illustrates how each of the possidble point values s
o represented in TRAP event symbols,

TABLE 4.2, OCoding Schemes for TRAP

(Pointas per Person)

1 | 3 4 8
Conjunctive blue blue blue red red
0 B A B A
Color blue green | yellow jorange | red
Alphabetic g D 0 B A

The color scheme used fits with esteblished guidelines for color
displays., The number of colors used is limited (DAVIBY, IVES82), and
the coloras are ordered by their appearance in the rainbow (IVEGB2). The
ordering also conforms to ‘well-established habits or population
stereotypes’ (DAVIBY, p, 118]) in bthat red is wused b0 ddentify the most
important (highest value) events., There is also empirical precedence
for the color scheme used; Chrisb used a six-level color code (purple,
blue, green, yellow, orange, and red) in his studies [CHRIGJ),

The alphabetic woheme used differs from the set used by Christ; he
used the letters O, H, K, N, P, and B to minimize confusability among
the .whapew of the letters [OHRIG3), The ordered web (A, B, O, D, E) was
chosen instead to conform to population stereotypes, Bince the
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wihe participants were college students familiar with letters as,course
grades, A wan chosen to represent the highest value events.

ah“;_f
:§$ TABLE 4.3. Event Bymbols for Certain Events
) Points
Y . : Per Total
AN Color Alphabetie OConjunctive Person Points
g
o blue E blus 1 l
Y
i
;;H One- yellow 0 blue 3 3
o Person A
:::a: Bventas
o red A ‘red 8 5
(1 .. A
o green D blue 3 [
o Two= B -
, Person
‘ Events | orange B red 4 | 9
0 .
‘ blue E blue 1 a
o : Y
Cf' Three= | yellow 0 blue 3 )
. Person A
AN Events
0 red A red 8 15
l','l A _

e
Yt ,

The conjunotive code used Ly a simple combinabion of the ocolor and

Qéa alphabetic codes. Red and blue were chosen from tha color schene for H

fﬁﬂ their distinativeness, and A, B, and O were choden to rainbain bhe sense

;;b of ordering oestablished in the alphabetic scheme. Six color-letter

Xy combinationd are poseible in this oconjuncbtive woheme; the red-0
combination was arbitrarily dropped to provide the reguired five-level H
coding scheme, H

41,4 Hoyrisbiqe Trestment

In addition to examining the effects of different information
pregentation forms on team performance, an objective of this research H
L}]




wag to determine i{ task performance could be improved by provldlcg and
encouraging dliscussion of decision heurisztics. Between-group
comparisons were made to detect performance differences with and without
the provision and discussion of decision heuristics, This subsection
provides detuils concerning the houristiocs treatment,

4.1.d.1 Pasis for Heurjuticg., The decision heuristics were built based

en information gained from bthree sourcest the computer model against
which team performance is compared, the regearchers who developead the
TRAP, and participanta in TRAP pilot sbudies.

Comparing the oholces made by ptvtl&ipantl in a pilot study to
those made by the computer model over a wmeries of 33 trials suggested
sevaral heuriastios, For example, pllot study participants tended to
work significantly fewer high value twoeperson avents than the model
did, auggesting that a heuristic to look {for wuch events would be
useful. The model also rarely works on the lowest value events, oo &
heuristic to ignore auch events was included,

The TRAP developers also provided decision rules based on their
knowledge of task dewign features and on their repeated obsarvations of
teams performing the TRAP, For example, they suggested the decision
rule, 'Keep the tesm synchronismed; all three team members should commid
their resources o events ab the same time,' Their suggestion comes
from observations that teams sometimes waste time or miss opportunities
to complete high value twu- or three-person events while waiting for
{individual team members to release previously committed resources.
Bince the amount of time for which resdources must be committed is
identical for all events, teams that ocommit btheir resources in unison
will also have their resources {ree for a subsequent commitment all at
the same time,

Finally, partioipants in a pilot study indicated through their task
performance and through their responses to questionnaires and interviews
that teams vary significantly in their handling of uncertain events. In
particular, their wstrategies rarely include wusing expected value to
gulde decisions aboub uncerbain events, Bince using expected value can
improve performance on the TRAP, a heuristic based on the expected value
of the unocerbain events wad included, Additional pilob teating alsoe
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provided performance data and interview material used to fine bugo the
wording and sequencing of the chosen heuriastios. ’
4,1.4.2 Chosen Heuristics, The sebt of decision rules chosen represents
a balance between comprehensiveness and retainability. The set in
comprehensive enough to improve performance but limited enough to avoid
overloading human information processing ocapacity, Teams inocluded in
the heuristica treatment received an introduction to the heuristics and
their ritlonalo and were encouraged to discuss the heuristics during a
training seswion (mee Appendix D,) Btated in terms cppéopriltc to the
alphabetic treatment, the decision heuristics used are as follows:

HEURISTIC ®1: In addition to J-persvon A eventis, look for a 3-
person B event, especially with a l-person A event,

HEURISTIC #2: Next, check as many uncertain events ag you can,
Immediately take L84 or H21; ignore L38 and HO.

HEURISTIO #3: Ignore D and E events.

HEURISTIC #4: Keep the team synchronized, Al]l three team members
should start an event or combination of aevents at the same time,
4.2 Ruzearc

In desoribing the TRAP, the previous segtion introduced some of the
procedures used to carry ou} this research, This section presenty the
ressarch procedure in greater detail,
4.2.1 Particjpants

The participants in the experiment were 72 college wtudents in the
Dayton, Ohio area. They were recruited, scheduled, and paid 4850 each by
Systems Research Laboratories, Inc., an agency that ocontracted to
provide support for ressarch programs at Wright-Patterson Air Ferce
Basze. ALl had at least 20/40 corrected vision (20/70 vision is adequate
to perform the TRAP). The participants were aleo screened for normal
color vision using Ishihara platoes, Three individualy whose initial
gcreening wuggested color vision limitations were assigned to the
alphabstic treatment and then underwent additional wscreening during the
training session Lo assure bthat they could properly distinguish features
on the TRAP display. 1In addition, no pertioipante who were involved in
previous TRAP studies were eligible to participate again.
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No restriotions were placed on team composition, Participanks were
assigned to teams based on their availability (class and work schedules,
trangportation, ete.). Eight teams were asgigned randomly to each of
the presentation treatment groups, Among each of the B-team groups,
half were randomly assigned to each of the decision strategy treatments,
4.2.2 Experimental Progedure

The experiment was o¢onducted in an establighed experimental
facility within the Armétrong Aeromedical Research Laboratory, Wright-
Patterson Air Force Base, Ohlo, Teams consisted of three participants
each who were seated wside by side (positions were randomly assigned),
Each participant had a ORT and a control box for performing the TRAP,
Participants wore headsets with lip ﬁlorophonol for recording team
communication,

Each team participated In four wsessions, each conducted on a
doparate day., The firat wsession covered administrative requirements
(consent forms, visual soreening, and the first data collection phase of
the Subjective Workload Assossment Technique (see Appendix A)).
Participants were trained during the second session, and the
experimental trials were run during the last two sessions,

Because the TRAP is very complex, training and practice prior to
experimental participation is required. A training session of
approximately two hours familiarized participants with the TRAP, firat
without uncertain events and then with uncertain events. Each team was
trained uaing vergions of the TRAP appropriate to the presentation
treatmont group to which the team waw assigned. Those teums awsigred to
the heuristics treatment groups received instruction on the heuristics
immediately {following training on +the TRAP with uncertain events and
wore allowed time to discuss thelr docision strri-3y. They were also
allowed to retain printed ocopies of the ﬁourlltlol for use in the text
segzions. Participants were teste! during the training session to
agsure that they understood how event point values were determined and,
for thosde teams who received heuristics, thal they wunderstood how to
apply the heurigtics. Each team alwo completed two practice trials
without uncertain events and an additional four practice trials




e )
b
:i:. with uncertain events with free opportunity to ask quevtions ‘and to
I:,.'; communicate with one another,
i,' Following the training weswsion, each team ocompleted two
Sgi experimental sessions, scheduled on wseparate days. Each experimental
iﬂ& session consisted of two test sessions, and euch test seswion consiwbed
:%3 of eight trisls, At the end of each trial, the partioipants provided
) data for phase two of the Subjective Workload Assessment Technique (sqe
Rad Appendix A). All experimental sessions were audio/videotaped, and tapes
A:Q‘I
Lgf of the best three and poorest three teams (based on average decision
:ﬂﬁ quality scores) were reviewed to determine the extent to which teams
*_9 discussed their task performance wstrategies and explicitly applied the
&2' decigion heuristics. The analysis of the tapes provided subjective
[)
1ﬁg explanatory material rather than atatistioally analyved results, It
‘Qﬁ: helped to identify differences among the team in applying the heuristiocs
, . as well a3 differences among the suggested heuristios in their rates of
LMY
‘,::cé; application, It also helped to deteot whether teams that did not
&%{ receive sugjested heuristics developed wsimilar or alternate heuristics
40
e of their own,
- In greater detail, the experimental procedure oconsisted of the
5§s ' following steps (copies of materials used for the color coding scheme in
)
&&. tha experiment are included a3 appendices; equivalent materials were
LX)
R used for other treatment groups):
f;. 1. First session (approximately one hour): Screened parbicipants
sq: and administered preliminary materials,
o
P a. Researchers in the Visual Display BGystems Branch,
]fﬁn Armatrong Laboratory, administered color vision soreening
(o using Ishihara plates under the presoribed lighting
e conditions. The experimenter administered visual acuity
) screening using Snellen charts (participants were
) screaened for 20/40 ocorrected vision; the TRAP display
:5: required 20/70 vision), ‘
O
b. Participants read and signed two consent forms (Appendix
N E). The {forms {ntroduced the research objectives and
ey outlined the terms of the participants' asgreement to
LX)
W serve as team members for the experiment. Coples of the
f?k. forms were made available to the participants.
10
) ¢. The experimenter introduced the Bubjective Workload
%": Avsessment Technique using a standard script (Appendix F)
e
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and provided oard decks and SWAT summary handouts ‘or use

during the sorting proocedure. Participants completed the
SWAT sorting procedure, (SWAT sort data has been shown

to be stable for a¥ long as & year [(HARRET), wmo
participants for whom recent BWAT sort data was available
were not required to repeat the sorting procedure,)

Second wession (approximately two hours): Trained
participants.
a. The participants were randomly assigned to weating

b,

positions to be retained for all remaining sessions,

The experimenter read from » standard soript (Appendix B)
providing instruction on performing the basic TRAP
(without wuncertain events). The instructions were
tailored to the presentation format asmigned to the team.
Ab the appropriate point in the instruction, the
participants reviewed a table of TRAP point values
(attached to Appendix B) and then took a test on their
undergtanding of the point values (Appendix Q).
Individual feedback and ‘esting was repeated as requived
until all participants completed the test perfectly, A
slow gpeed TRAP demonatration +trial with commentary was
included in the instruction period following point value
terting.

The participants performed two practice trialy (one at
moderate and one at high time stress levels). Following
each trisl, each participant responded to three workload

questions presented on the ORT. The experimenter
answered any questions that ocame up during the pructice
trials.

The experimenter read from a standard soript (Appendix 0)
providing inatruction on performing the TRAP with
uncertain events, The participants read along from
copies of the instructions and interacted with a slow
speed TRAP demonstration trial including vuncertain
events.

For teams aszsigned to the heuristics treatmen. groups,
the experimenter read from a standard soript (Appendix D)
providing {instruction on performing the TRAP using the
heuristics. The instructions were tallored to the
presentation format assigned to the team, The
participants read along from copies of the instructions,
The participants then received a summary of the
heuristios (attached to Appendix D) to retain during the
remainder of the session and were encouraged to discuss
the heuristics and their decision strategy as a tean.
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{, For teams assigned to the heuristios treatment groups,
the participants took a test on their understanding of
the heuristiocs (Appendix H). Individual feedback and
teeting was repeated as required until all participants
completed the test perfectly.

8. The participants performed four practice trials (two atb
moderate and two at high time stress levels; the sequence
of moderate and high time stress trials was moderate-
high-moderate-high), Following each trial, each
participant responded to three workload questions
presented on the CRT.

3. Third and {fourth sessions (approximately two hours each):
experimental sessions.

a&. The participants were allowad to review a table of TRAP
point values and then took a test on their understanding
of the point values. Individual f{eedback and testing
were repeated as required until all participants
completed the test perfeatly.

b. For teams assigned to the heuristics obreatment groups,
: the participants were allowed to review and retain a
summary of the heuristios and took & test on their
understanding of the heuristios, Individual feedback and
testing was repeated as required until all participants

completed the test perfectly.

¢+ The participants performed two test wensions consisting
of eight trials each (four at moderate and four ab high
time astress levels; the wsequence of moderate and high
time stress triale was randomized in blocks of four
triale). Following each ¢trial, each participant
responded to three workload questions presented on the
CRT. A break was allowed between the two test sessions,

4.3 Summary of Resea Environme M .

This study involved a laboratory experimont using a dynamic group
cholce task (TRAP) as the experimental task., Bubsequent to sorvening
and training, each team of three decision makers completed a total of 33
triale, arranged in 4 test sessions of 6 +trials each. Half of the
trials were presented at a fast rate of aspeed and hall at a more
moderate speed. Each TRAP trial presented a sequence of €4 certain and
uncertain events, The teams had insufflicient remsources to respond to
severy event, so they had to choose among the available events. Ooding
schemes for presenting the events varied between teams ag did the
predaence or absence of decision 'juristics provided by the researcher,

ge




The research method outlined in this chapter provided the meghanism
by which to capture information on the effects of information
preventation form and decision heuristics on group decision making in a
dynamie, uncertain environment. The next chapter analyzes the results
of the experiment.




5.0 ANALYSIS OF RESULTS

This chapter presents the statiztical analysis of the results of
the experiment., (Cell means and variances snd the raw data are included
in Appendix 1.) The {first 4section reviews the major results of a
related study. The asecond seotion defines the primary model wused to
evaluate the results of this wtudy, and the third section presents the
findings using the model., The model wused to analyre {findings about
information geeking behavior and the findings based on the model are
presented in the fourth and fifth wsections. Bimilarly, the model and
findings concerning resource commitments to uncertain events appear in
the #ixth and soeventh =mections, A major wsection then relates the
findings to the experimental hypotheses presented in Chapter 3. The
chapter concludes with a summary of the major results of this study,

5.1 Related Regults

In a related study run concurrently with this experiment, Kimble,
McNeese, and Goodyear examined the effects of emergent leaderwhip on
TRAP parformance., They determined that a number of variables (age,
college year completed, sex composition of team, video game experience,
and leadership measured in terms of relative frequency and duration of’
talking) had no effect on TRAP performance. One variable, exparience
with using computers, was correlated with performance (r » 84, p ¢
.002) [KIMBB?). Random awssignment of participants to teams, however,
resulted in an even distribution of experienced computer users among the
treatment groups studied In this experiment, mo the results reported
here are not confounded with the computer use variable,

8.2 Primary Experimental Mode)

The results of the experiment were examined using the BAS ANOVA
procedure, Except for the analyses of information seeking and resouroce
commitment behaviors related to uncertain events (models to be presented
in later sections), the model used for the statistical analysis was

Yiguimn * U, + timey ¢ gas¥y + forme + heur: + teamminis +
(timensauw) iy + (timenform)(uw ¢ (timexheur) s ¢ (timewteam)imixys +
(dasgnform) yu + (sesgrheur)ys + (segerteam) ymcusr + (formiheur)us +
(timergesusform) cyn + (timensessrheur) sy ¢+ (timenformrtheur) wua +
(seggnformeheur) yua + (timengegsnformrheur) (yur + Oncignim
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whera

"Y' represents a dependent variable measure (overall TRAP scors,
proportions of events completed, SWAT ratings, etc,)

"time® {# the time stress variable (high or moderate time stress)

‘sess’ 18 the practice variable (semsion 1, 2, 3, or 4)

*form' is the information presentation form variable (color,
alphabetic, or conjunotive coding scheme)

‘heur' i# the suggested decision strategy variable (with or without
heuristiocs)

‘team’ is a variable that takes into account any differences among
the three teams assigned to each ocombination of treatments (any given
team was asgigned to only one ocombination of a form treatment and a
heuristics treaiment)., Sinoce team differences are accounted fer in the
model, the resulte related to other varinbl‘n can be generalized for
oth¢r teams with more oconfidence than if team differences were nod
included. O

Table 8.1 provides the degrees of freedom and expected mean squares
for the model. A three-way interaction term, (timetsemsrteam)symenry,
was pooled into the error term since no degrees of {reedon remained for
the error term. As a result, no teats of team effects or of the effects
of interactions between the team variable and obher variables were
provided by the model, but team effects were not a foous of this study.

Tests of the assumptions on which the ANOVA model is bawed
demonstrated that the model is applicable to the results of this sbudy.
Bpecifically, within commonly acoepted limits, all observations have the
gsame variance and the error terms are normally distributed,

5.3 BStetistical Analysis Using Primery Experimental Model

The primary experimental model was wused to analyze {findings for
seven outcome variables., Each of the following subsections presents the
analysis for one of the variables,

5.3.1 Qverall Performance

The variable used to measure overall performance was a Leam score

stated as a percentage of the computer modal's score for the sams trial.
Table 5.2 is the ANOVA table for the overall performance variabla.
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:::: TABLE 8.1 Primary ANOVA Model
g Source DF  Expected Mean Bquare
¥ time 1 | 00%a4® ¢ A0ae® ¢ o°
.}: sess 3 | 483Zby®/3 + 20ue® ¢ o°
form 2 | 04Zou®/2 + 80.7 + of
K heur 1 | o6xdi® + Bo.® + ot
¢: team(formrtheur) 18 | Boe® * of
sessriime 3 | 24TT(AB) 4%/ + came® + 0°
g formetime 2 | 32TZ(ac) su®/3 + doae? ¢ o
heurstime 1 | 48IZ(ad) s2™ + 40ae® ¢+ of
timenteam({ormrhour) 18 | 404e? ¢+ 02
formigess 6 | 10ZE(bo) yn"/6 + 20we® + o
heurtsess 3 | 24ZT(bd) 41%/3 ¢ 20we® ¢ 0*
sessrteam(formtheur) 54 | 2one® ¢+ o :
formiheur 2 | 322X(od)xa*/3 ¢ Bua® ¢+ ot '
timeNmessrtorn 6 | BEZE(abo) 1su®/0 ¢ Oawe® + 00 °
timensessrheur 3 | 12222 (abd) 4 41%/3 ¢ Cave? ¢ of
timenmeggnteam(formtheur) | B4 | cane® + o°
timerformiheur 2 | 16ZET(a0d) (1a?/0 ¢ d0ae® ¢+ of
segadformtheur 6 | 6XEZ(bod) yu1®/0 + Foue® + ot
timengesgformiheur 6 |4IZIZ(abod)ayus®/6 ¢ cave® ¢ o
error 0 |o®

There were no statistically wignificant three-way or higher order
interaction etfascts, There were also no statistically significant two-
way. interaction effects for sesswtime or formtheur, Using the mean
square for tbtimenteam(formtheur) as an error term, there was no
statistically signifioant effect for formetime (p .8013), but there
wag an effect for heurttime (p = ,0300), Using the mean aquare for
seggrteam(formiheur) as  an error term, there were no statistically
gignificant effects for formisess (p = .0113) or for heurrsoss (p »
.018%). Since the only significant interaction effect (heurttime) was
ordinal (see wection 8,18,1 below), all the main effects were analyzed,
Using the mean square for team(formrtheur) as an error term, there was no
statistioally signifiocant effect for form (p = ,6338), bub there was an




effect for heur (p = ,0002), Using the mean
timerteam(formiheur) as an error term, there wag an effect for time (p o»
,0001), and,

term, there was an effect for sess (p = ,0003).

gquanre for

using the mean square for sessnteam(formtheur) as an error

TABLE 5.2 ANOVA Results, Overall Performance

Source DF Sum of Squares Mean Square
Model 137 13303.07364288 97.7%893170
Error % §90.10323087360 18,33523704
Corrected Total 191 14383.07502004

Source DF Bum of Squares F Value Pr)> F
time 1 7376.885138 382.83 0.0001
sess 3 612.03080% 7.31 0.0003
form 2 100,621286 0.47 0.06338
heur | 017.202430 8.8l 0.0003
team(formuheur) 18 1039.762624 (no test)
gessrtime 3 15.466077 0.28 0.8388
formrtime 2 8.,835733 0.22 0.8013
heurttime 1 105,040107 5.0% 0.0300
timesteam(formiheur) 18 343.507240 (no test)
formiygess - 8 B87.445408 0.3 0.9112
haurtsess 3 13.004043 0.17 0.0188
sesur beam(formrtheur) %4 1800,820241) (no test)
formiheur 2 148.144004 0.69 0.%51%6
timensessrform ¢ 23.8008970 0.43 0,7331
timergesurhour 3 83.3588803 0.76 0.08048
timerformrheur 2 71.866400 1.68 0.1013
sesurformrheur 0 23,088418 0.14 0.0898
timergesurformrheur 6 130,1812181 1.27 0.3889

The overall performance score was expressed as a team's percentage
of the compuber model's woore to acoount for potential differences in
difficulty among the trials. Raw team oscores were alaso analyzed to
indication ag to bhe need for sbtandardieing team soores by

Table 5.3 presents the ANOVA results

provide an
the model scores. for raw team
gcores,

There were no statistically significant three-way or higher order
There were also no statistically significant two-
for sesartime or formitheur. Using the mean
pquare for timedteam(formsheur) there was no
statistically eignificant effect for = ,08528), but there

03

interaction effeats.
way interaction effects
as an error term,

formebime (p
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was an effect

segsiteam({formrheur) as

gignificant of

9299),

for heurwrtime (p = ,0139).
an error term,
fects for formruess (p

Since the only mignificant

interaction effect

Using the mean aqhart for
there were no statistically

= ,6076) or for heurnsess (p »

(heurrtime) was

ordinal (see section 5.18.1 below), all the main effects were analyred,
Using the mean square for team(formrheur) as an error term, there was no
statistically significant effect for form (p » .4019), but there was an

ef fect

for heur

(p »

,0123). Using

mean  aquare for

timexteam(formeheur) ag an error term, there was an effect for time (p »

.0001), and, using the mean square for seassrteam(formuheur)

term, there was an effect f{or sess (p » ,0001),

48 an arror

TABLE 5.3 ANOVA Table, Team Score

Source DF Sum of Squares Mean Square
Model 137 B57101.23728260 417.3383084
Errop 84 3082.007442188 73.3708078
Corrected Total 191 01123.24467448

Source DF 8um of Squares F Value Pr ) F
time 1 | 32148.,3048085 419,98 0.0001
sent 3 2013.58%808 9.04 0.0001
form 2 708.032314 0.74 0.490190
heur ol 3690.079808 7T.78 0.0123
team(formrtheur) 18 8396.030641 (no test)
sossvtime 3 248.033747 1.13 0.3464
formitime 2 66.008203 0.44 0.0%30
heurntime 1 868.738430 7.43 0.0139
timerteam(formrheur) 18 1377.848810 {no test)
formegaxs 0 307.138800 0.76 0.6078
heurisgess 3 30.15%4831 0.19 0.0200
sessrteam(formiheur) 84 4728.0673047 {no test)
formtheur 2 417.487878 0.44 0.0%34
timengagg¥form ¢ 186.,380486 0.88 0.4746
timengnsg¥heur 3 828.421370 1.43 0.2212
timesformrheur ? 137.713380 0.90 0.4243
gegg*formtheur 0 71.802317 0.14 0.0910
timerguggnformiheur ] 531.,340836 1.21 0.3170

Since the wame effects were significant at comparable levels of

gignificance for the score

gomputur model
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;:E:E:' distribution of difficult trials was random enough to wagh out any

&7 s

R effects of differencaes {n trial difficulty. The remaining variables,

R therefore, were analyzed as simple bteam measures rather than as

iﬁi percentages of model performance,

o 5.3,.2 Proportion from Qertain-Valued Eventis

'ﬁ?f Behavioral variables used to help explain performance differences

,wL included the proportion of a bteam's points earned {rom certain-valued

[N

ot eventy. Table 5.4 presents the ANOVA results for the proportion of the

;ﬁﬁ gcore from certain-valued eventy,

. TABLE 8.4 ANOVA Results, Proportion Certain

ﬂg: Source DF Sum of Squares Mean Square

e Model 137 8.23149851 0,04548539

Error 84 0.163020872 0.00303873

' Corrected Total 191 0,30843733

Source DF  BSum of Bquares F Value Pr) I
time 1 0.018684320 1,00 0.2113
form ) 0.04%21633 0.13 0.8808
heur 1 1.08747001 6.00 0.0287
team(formrheur) 8 3.401340%01 (no temtd)
sessntime 3 0.01825383 1,87 0.1833
formitime 2 0.008245089 0.44 0.0820
heurvttime l 0.03300606 3.87 0.0781
timesteam(formeheur) 18 0.10078336 (no tewt)
formigans 0 0.08701037 1.31 0.370%
heurtgess 3 0.04844889 2.2% 0.0064
sesyvteam(formrheur) 4 0.30300408 (no test)
formtheur ] 0.606302100 1.73 0.3003
Limevgessnforn 6 0.00147408 0.16 0.9210
timetsedsnhaur 3 0.,03362310 1,30 0.3744
time'formtheur 2 0.001088008 0.00 0.,0149
seggvformrheur e 0.08708404 2.01 0.0708
Liimcllollllormlhour 0 0.02339333 1,238 0.3801

There were no stabtisbically

interaction effecta,

way interaction effects
gquare for timewteam(formrheur)
significant effact

statistically

heurvtime (p = ,0781),
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signiiicant three-way or higher order
There were alio no statistically wsignificant two-
Usging the mean
term, there was
(p =» ,0626) or for
Using the mean wquare for sesgrteam(formrheur)
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as an error term, there were no statistically significant effects for
formisess (p » ,3708) or for heurtsess (p = ,0084). Bince there were no
significant interaction effecta, all the main effects were analyzed,
Using the mean square for team(formitheur) as an error term, there was no
statistically signifioant effeot for form (p = .8888), bubt there was an
offect for heur (p = ,0287), Using the mean square for
timed team(formrtheur) ag an error term, there was no effect for time (p »
«2113), but, using the mean square for sessiteam(formtheur) as an error
term, there was an effect for dess (p s .0083),
9.3.3 1-Player-]1-Point-pepr-Playar Rvents

Behavioral variables also included the proportion of particular
types of certain-valued events to which tearw ocommitted resources.
Table 8.0 presents the ANOVA regulta for the l-point events.

TABLE 5.9 ANOVA Reasults, l-Point Events )

Source bl Sum of Bqusres Mean 8qdare
Model ' 137 0.73000688 0.00832683
Error 84 0.131440082 0.00243400
Corrected Total 191 0.80144048

Source DF  8um of Squares F Value Pr ) F
bime l 0,01210219 4,90 0.0400
sess 3 0.00813400 0.69 0,4837
form ) 0.01000104 0.38 0,0802
heur l 0,08842000 8.1 0.0331
team(formrheur) 18 0.240423188 (no test)
sess time 3 0,00877000 0.7¢ 0.80472
formitime ] 0.00304087 0.79 0.407%
heurstime 1 0.00001302 0.01 0, 0431
timenteam(formrtheur) 18 0.04477187 (no vest)
formiguns ¢ 0.01733229 0.99 0,400%
heurrsess 3 0.004008900 0.89 0,0834
sesarteam(formiheur) B4 0.10400003 (no teat)
formitheur 1 0.07883437 .74 0.00109
timengesanfornm 6 0.01312811 0.90 0,8020
timangeunrhaur 3 0.00428000 0.59 0,032890
Limesformeheur 2 0.008520354 1.00 0.3877
seustformrtheur 8 0.018210801% 0.83 0, 8800
timengesan{ormiheur 6 0.00012813 0.063 0.7004

There were no atatistiocally wsignificant three-way or higher order
interaction effects, There were alao no two-way inturaction effects for
66
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seguitime or formeheur. Using the mean square for timerteam(formeheur)
as an error term, there waz no atatistically wignificant effect for
formitime (p = ,4878) eor for heurttime (p = ,0431), Using the mean
| square for sessrtsam(formitheur) as an arror term, there were no effects
for formemeas (p = ,40808) or for heurtsess (p » ,0834). Since there
were no significant fdateraation effects, all the main effects were
Using the mean gquare for team(formrheur) as an error term,
there was no statictically significant effect for form (p s ,0802), butb
there was an effect for aeur (p o« ,0231). Using the mean aquare for
timerteam(formihour) ag an error term, there was an effect for time (p ®
.0400), but, wusing the mean square for sesshbeam(formrheur) as an error
» term, there was no effeot for wess (p » ,4537),
B34 2 -3 “per-
a Table 8.8 presents the ANOVA results for the 4-point cvents.
'
TABLE 8.0 ANOVA Resulds, 4-Point Bvents ' °

analyeed,

Source DF Bum of Bquares Mean Sguare
Model 137 0.43331042 0.,00316209
Evror %4 0.0%73%038 0.00106319
Corrected Total 191 0.4008004"7

Source DF  Bum of Bquares F Value Pr) I
time l 0.00880308 8.70 0.0274
sens 3 0.00104%6 0.33 0.68110
form 1 0.02020304 1.2% 0.3104
heur | 0.0883%308 .71 0.0l68
Lteam(formrheur) 18 0.l48%0878 (no teat)
seggrtime 3 0.00420378 1,38 0,3087
formrtime 2 0.00400720 1.31 0.2039
heurttime | 0,00003333 0.03 0.0841
timenteam(formehour) 18 0.03740379 (no teat)
forminess 0 0.00770730 0.7 0.0148
heurvgess 3 0,00720042 1,41 0.3%07
seenrLeam({formiheur) 84 0.003080138 (no teat)
formehour 2 0.01283320 0.78 0.4744
Limengesanform 0 0.000%2188 .49 0.1078
timengegunhaur 3 0.01¢ .l@v 5.08 0.003¢0
timer{ormihaur 2 0.00700184 2.31 o.13a1m
sagur{ormrheur ¢ 0,008108831 0.80 0.80%90
timevgesun{ormiheur 0 0.004323320 0.060 0.0788

07

AARFA! ' WA WP 0 PR 9. 2 1P LS X A Rt B i O B R N M M M P Il M P B MR W s B A s s Bl ] it i § il b g el (1 7 A e, 2l ;i tknald e B o




There was one statistically wignificant three-way {interaction
(timensessrheur), There were no statistically asignificant two-way
interaction effects for sesgatime or formrheur. Using the mean square
for timerteam(formrtheur) as an errvor term, there was no statistically
significant effect for formetime (p = ,2039), Using the mean square for
sesgrteam(formrheur) as an epror term, there wasm no statistically
signifioant effects for formwsess (p = ,8148), Since form was the only
variable not involved in signiticant interaction effects, only the main
effects for form were analycaed. Using the mean asquare for
team(formiheur) as an error term, there was no atatistically significant
effect for form (p » ,3164),

8.3.8 2-Player-4-Points-per-Player Events

Table 8.7 presents the ANOVA results for the proportion of B-point

events completed,
. y
TARLE 8.7 ANOVA Results, 8~Point Events e v

Source DF Bum of Bquares Mean Square
Modal 137 7,88714187 0.087238140
Error _ 84 0.40000030 0.00740733
Correctad Total ’ 191 8.25714702
Source DF  Bum of Squares F Value Pr) F
time l 0,.28080208 12,00 0.0021
'TTT] 3 0,13033088 3.18 0.0310
form 2 0.012430884 0.03 0.0782

Iheur l ¢,14820000 0.8¢ 0.4534
teum({formrheur) ] 4.4508087% (no test)
sesgntime 3 0,.04543084 2.04 0.1188
formetime ? 0.00883684 0.14 0.8724
heurntime l 0.07083333 3.50 0.0770
bimerteamlformuheur) 8 0.38230878 (no test)
formigens 6 0,047%0079 0,60 0.7708
heurtgens 3 0.08741687 2.20 0.0083
segad team(formrheur) ) 0.714450828 (no test)
formiheur 2 1.3110068683 2.64 0.0078
bimewgewgnform 8 0.03201979 0.72 0.6349
timevgesgnheuy 3 0.000060000 0.43 0,7309
timexformrheur 2 0.00813220 0.13 0.8811
yeurrformiheur 8 0.13070271 }.08% 0.15%10
Limesnewutformvheur ] 0.0390%3037 0.90 0,0034
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There ware no statistically significant three-way or higher order
interaction effects. There wera also no significant two-way interaction
gegartime or Using the
timavteam(formeheur) as an error term, there was no significant effect

(p = ,8724) or for heurntime (p = ,07768). Using the moan
seysrteam(formtheur) as an error there
effects for formesess (p = ,72006) or for heurtsess (p =
. 0083) . significant interaction offects, all the
main effects were analyzed, Using the mean square for team({formrheur)
ac an error term, there wag no statintically significant effect for form
(p +« .8808) or for heur (p =» ,4834), Using the mean square for
timesteam(formiheur) as an error term, there was an effect for time (p =

effects for formwheur, mean s#quare for

for {formitime

square for term, were no

significant

Since there were no

.0021), and, wusing the mean square for sesyrteam(formrtheur) as an error
term, there was an effect for sess (p = ,0310),
5.3.6 3-Player-8-Pointa-per-Player Events y

Table 5.8 presents the ANOVA results for 18-point events.

TABLE 8.8 ANOVA Results, 185-Point Events

Source DF Sum of Squares Mean Square
Model 137 2.70008417 0.02043108
Error 84 0.08873780 0.01210884
Corrected Total 191 3.43719167

Source DF  8Sum of Squares F Value Pr > F
time 1 0.00200208 0.14 0.7144
seas k! 0.03308417 0.02 0.68023
fornm 2 0.010713229 0.10 0.9081
heur 1 0.04200033 0.76 0,3981
team(formehour) 18 0.99608780 (no test)
yeysntime 3 0.01081042 0.29 0.8344
formutime 2 0.000313%4 3.12 0.0087
heurvtime 1 0.00008308 0.00 0.9538
timenteam(formuheur) 18 0.26006250 {no test)
formisecye 6 0.07303521 0.08 0.0064
heurvsesy 3 0.032034%63 0.854 0.6E73
sesgntean(formrheur) 54 0.07681280 (no test)
formrheur 1 0.10301394 0.98% 0.4037
timevwensrfornm 0 0.03342390 0.46 0.8371
timengsesnnheur 3 0.04311878 1.18 0.3260
timevformthaur 2 0.03220079 1.11 0,3408
sesgtformihour 0 0.04848239 0.43 0.8448
timangamst formihaur 8 0.00830038 0.11 0.004%




o
ﬂsf ' There were no gignificant three- or {four-way {nteraction effacts.
fii There were also no significant interaction effects for sessttime or
" formtheur. Using the mean square for timertesm(formrheur) as an error
ﬁﬁf term, there was no significant ef{fect for formitime (p » ,0687) or for
vy p
kgg heurttime (p = ,9828), Using the mean square for sessrteam({formrheur)
igﬁ' ag an error term, there were no significant effects for formisess (p =
'fl .6664) or for heurtsess (p = ,0872)., SBince there were no asignificant
\‘.“
éﬁt interaction effects, all the main effects were analyzed. Using the mean
:gﬁ, square for team(formuheur) as an error tbterm, there was no significant
E;E effect for form (p = ,0081) or for heur (p = ,3081), Using the mean
i gquare for timenteam(formrheur), there was no effect for time (p =
] .
§2£ ,7144), and, using the mean square for sess*team(formiheur), there was
O
;:;';:;: no effect for wews (p = ,6033),
;ﬁﬁﬂ 8.3.7 Perceived Workload
;:ﬁ » Teble 5.0 presents the ANOVA results for workload percdptions,
:$§ measured uding the Subjective Workload Assexsment Technique. (SWAT).
\;;:: '
o
S TABLE 8.9 ANOVA Resulta, SWAT
e Source DF Sum of Squares Mean Square
ﬁﬁg Model 137 41114,24336601 300.10300818
"W
KX Error 54 1732, 478472323 31.89774949
“:? Correcated Total 101 426830.72183883
“a Source DF  Bum of SBquares F Value Pr > F
time 1 11817.39421878 98,71 0.0001]
sogs 3 1078.07300175 8.08 0.0001
form 2 2012.08108879 1.08 0.3682
heur 1 79.07473367 0.08 0.770%
team(formrheur) 18 | 17148.11010417 (no test)
sopgitime J 184.080848032 1,02 0.10062
formetime 2 31%.51362198 1,32 0.2024
heursttime 1 71.70370370 0.60 0.4490
timesteam(formtheur) 18 2155.03434028 (no teast)
formitgens 0 108,473008761 0.48 0.8418
heurngess 3 22%.60792101 1.02 0.36802
gegartean(formiheur) 84 39000.00142361 (no test)
formvheur 2 236.41020328 0.12 0.8840
timevgesstform 6 58.36088903 0.30 0.0317
time*yessrheur 3 13.08760070 0.14 0.0339
timerformrheur 2 732.46084447 0.30 0.742%
sesyrformrheur L) 546,20452008 1,434 0.7088
timensessrformrheur 0 65.31687138 0.34 0.0119
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interaction effects., There were also no significant two-way interaction
effects for gesyrtime or {formtheur, Using the mean asquare for
timesteam(formrheur) as an error term, there was no statistically
significant effect for formitime (p = ,3034) or for heurttime (p =
.4490) . Using the mean square for sesgiteam(formtheur) asz an error
term, there were no significant effects for formrusess (p = ,8415) or for
' heurvsags (p = ,38902)., Since there were no wignificant interaction
effects, all the main effects were analyzed. Using the mean zquare for
) team(formtheur) as an error term, there was no significant effect for
form (p 2 ,3682) or for heur (p = ,776%). Using the mean square for
time*team(formtheur) as an error term, there was an effect for time {p =
.0001), and, using the mean square for sessrteam(formrtheur) as an error
term, there was an effect for sess (p = ,000]),
8.4 ANOVA Model for Information Seeking y
The model used for the statistical analysis of the biopoition of
uncertain events about which teams sought additional information was
Yiouimn & U, ¢+ timed ¢+ sesmy + typen ¢+ heur: + teanmmcas
(timewwess) oy ¢ (timentype)in ¢ (timerheur)«s + (timenteam)imes)
., (seggntype) yu ¢+ (sesurheur)syr + (desgrteam)gmeay + (Lyperheur)u
(typerteam)umery + (Limewgemartype) s + (timersepurheur) g
(tLimenguagnteam) symead + (Limentypenheur) 1u: +
(timentyperteam) sumca) + (seganbtyperheur) yu1 e
(segurtypenteam) jumery + (timedwgemgrtyperheur) syus + @ntisam

)
l There were no statistically eignificant three-way or higher order
I

o e e e o

> <+ <+ >

where
'Y’ represents the proportion of uncertain events about which
additional information is wought
‘time" i the time stress variable (high or moderate time stress)
"sess’ 1# the practice variable (session 1, 2, 3, or 4)
‘type’ is the specific type of wuncertain event involved (H21, HO,

- - e & Aol PR e e .

LB4, or L38)
"heur’ is the suggested decision strategy variable (with or without
heuristios)

‘team’ is & variable that takes into account any differences among
the 12 teams assigned to each heurisbics treatment,
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The information presentation form variable was not included in the
model because the symbols for uncertain events (black rectangles) were
identical for wll treatment groups, (To oonfirm that the information
presentation form variable was not required in the model, @& model
inoluding the {orm variable was snalyzed., There ware no statistically
signiticant interaction effects involving information presentation form,
nor was there a main effect for form (p = .9488).)

TABLE 6,10 ANOVA Model for Information Seeking

Source DF  Expected Mean Square

time 1 | 384%as® ¢ 180a0" ¢+ of

sess 3 | 1923b,%/3 + Bowa® ¢+ o?

type 3 | 192Zcu®/3 + Boe® ¢+ of

heur 1 | 384%d:® + 330t ¢+ of

team(heur) 22 | 320" ¢ of : v
sesgrtime 3 | 06LL(ab) (4%/3 + dcane® + 0%+ *-
typestime 3 | 00ZE(a0) in®/3 + 40ace® + oF
heurdtime 1 | 1922Z(ad) i1® + 100ae" ¢ o
timexteam(heur) 22 | 100ae? ¢ ot

typersess 0 | 4BZE(bA) 4u/0 + 0nee® + o¥
heurtgons 3 | 06ZE(bd)412/3 ¢ Bowe® + of
segsrteam(heur) 00 | Bowe® + o

typerheur 3 | 900E2(ed)u1?/3 + Boaee® + Of
typetteam(heur) 60 | Bowe? ¢+ 0!

timevgesnrtype 0 | 24ZXZ(aba) (yu®/9 ¢ Tavea® + of
timergengrheur 3 | 48XIZ(abd) (41873 + 4case® ¢ of
timetsessrteam(heur) 08 | 40ane?® + o*

timantyperheur 3 | 48XXZ(acd) (%1®/3 + 4Uaae® ¢ of
timentypertteam(heur) 00 | d0ace® ¢ ot

segsrtyperheur 9 | 243XE(bod) yur®/9 + 20uee® + 0
sogartypeatteam(heur) 108 | 30uue® + of

timengessrtypetheur 9 | 125L£E(abod) 14k1?/0 ¢ Cavee® ¢+ o
timensengrtypesteam(hour) | 108 | cavee? + of

| error 0 |o®
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Table 6,10 shows the model's degrees of freedom and expected mean
squares. A four-way interaction term, (timersesswtypenteam)iyumcis, was
pooled into the error term since no degrees of {reedom remained for the
error term. As a result, no tests of team effects or of the effects of
interactions between the team variable and other variables were provided
by the model, but team affects were not a focus of this study,

Tests of the agsumpbtions on which the ANOVA model i» based
demonstrated that the model is applicable to the results of this study.
Specifically, within commonly accepted limits, all observations have the
same variance and the error terms are normally distributed,

5.9 Statistical Analysiy Using ANOVA Model for Information Seeking
Table 8.11 is the ANOVA table for the proportion of the uncertain

events about which a team sought additional information.

TABLE 5.11 ANOVA Results, Information Seeking v
Source DF Sum of Squares Mean'Squbre
Model 1.7 31,93040740 0.05012741
Error 198 2.1491148%8 0.01088411
Corrected Total 761 34,08861108
8um of Squares F Value Pr > F

1.453288308 73.82 0.0001
0.27910180 4.00 0.0112
0.08044010 2,08 0.0031
T7.14049119 9.81 0.0048
16.03361070 {no teat)
0.03177083 0.2428
0.03002804 0.4343
0.02820833 . 0,2000
0.43200408 (no test)
0.11373008 1,08 0.4010
0.10039518¢6 1.44 0.2400
1.83670687 (no teat)
0.01720081 0.40 0.06901
0.771468438 {no temt)
0.11410271 1.17 0.3108
0.00387708 0.36 0.8%74
0.46042708 {(no test)
0.00742188 0.23 0.8763
0.715008308 (no teat)
0.00888073 0.6l 0.8167
2.38080730 (no test)
0.00100271 0.03 0,7603

<
"y

Source

time

texs

type

heur

team(heur)

gessrtime

typertime

heurrtime
timenteam(heur)
typersess

heurtsexs
seysrteam(heur)
typetheur
typerteam(heur)
timengenmntype
tLima¥sesgtheur
timevseunrteam(heur)
timedtypesheur
timentypasteam(heur)
sesurtyparheur
sesgrtyperteam(heun)
timeNgesurtypenheur
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There were no statistically aignificant three-way or higher order
interaction eff{ects, There were alsov no significant two-way interaction
elfects for scwwvtime, typentime, sesgstype, or ‘typerheur., Using the
mean aquare for timenxteam(heur) as an error term, there was no
significant effect for heurstime (p » ,2000)., Using the mean square for
sessrteam(hour) as an error term, there was no significant effect for
heursgzess (p = ,2400), Since there were no significant interaction
effects, all the main effects were analyzed. Using the mean zquare for
team(heur) as an error term, thers was an effect for heur (p » .0048),
Using the mean square for timewteam(heur) as an error term, there was
also an effect for time (p = .0001), and, using the mean square for
gegarteam(heur) as an error term, there was an effect for sess (p @
,0112),  Using the mean square for typerteam(heur) as an error term,
there was no statistically signiticant effect for type (p = ,0031),

5.6 ANOVA Model for Resourcy Commitments to Uncertain Events '

The model used for the statistical analysis of the propoktion of
uncertain events to which teams committed resources subsequent to
seeking additional information was

Tegnam ® U, + bimey ¢ typey + heursx + teamicwy + (timedtype).,

+ (timenheur)in + (timenteam)yacny +  (typedheur) u ¢

(typerteam) yreur + (bimentypenheur) (yn + emeignd

where

'Y" represents the proportion of uncertain events to which
regources are committed subsequent to seeking additional information.
It {s measured in terms of & ratio of the number of uncertain events
completed to the number of wuncertain events about which additional
information was sought (aot as a ratio of uncertain events completed to
total uncertain events presented).

‘time’ {s the time stress variable (high or moderate time stress)

‘type’ represents the specific type of uncertain event involved
(K21, HO, L84, or LJG)

‘heur' is the suggestad decision strategy variable (with or without
heuristios)

‘team’ is a variable that takes into account any differences among
the 12 teams aswigned to each heurisbios btreatment.
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The experimental model wused to analyze resource commitments to
uncertain events does not inoclude the practice variable, A very few
teams chose to seek additional information sbout so few uncertain eventa
that, for a given experimental msession, it was possible that a team had
no ‘uncertain events of some particular type available to complete.
Since proportions with denominators of zero could not be analyzed, some
alternate analysis mechanism was required. Data involving denominators
of zero could be ignored, creating unequal cell sizes. The SAS General
Linear Models procedure provides for analysis involving unequal cell
sizes, but ocomputer memory limitations precluded analysis with o
complete model., An analysis of a limited model (only main effects and
two-way interactions involving the time pressure, practice, event type,
heuristive, and team variables) revealed that there was no main effect
for the practice variable nor ware there any two-way interaction effects
involving the practice variable, Therefore, the practice varidble was
dropped frem the model, and data for each team was averaged acfoss the
four sessions, Further, since every team sought additional information
about at least one uncertain event of each type sometime during the
experiment, no data involving denominators of zero remained. Therefore,
& model ignoring the session variable oould be analyzed using the EAB
ANOVA procedure,

The informati~a presentation form variable was not included (n the
model because the symbols for uncertain events (black rectangles) were
identical for all treatment groups. (To confirm that the information
presentation form variable was not required in the model, a model
including the form variable was analyzed. There were no statistically
significant interaction effects involving information presentation fornm,
nor was there a main effect for form (p = ,6338),)

Table 8.12 provides the degrees of freedom and expscted mean
squares  for the model. A three-way interaction term,
(timewtypenteam)igienr, was pooled into the error term since no degrees
of freedom remained for the error term, As a result, no tests of team
effocte or of the effects of interactions between the team variable and
other variables were provided by the model, but team effects were not a
focus of this study,
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TABLE 5.12 ANOVA Model for Resource Commitments to Uncertaln Events

Source DF  Expected Mean Bquare

time 1 | 90Zas® + 40aa" ¢+ 0°

type 3 | 48Zby"/3 ¢ Q0va® ¢ o*

heur 1 | 96T0x® ¢+ B04* + of
team(heur) 22 | Bou® + o®

typertime .3 | ZT(ab)1y®/3 ¢ Cawa® ¢+ 0f
heurttime 1 | 4833(a0)in® ¢ 40ad" ¢+ o°
timesteam(heur) 22 | 40ad® ¢ 0*

typerheur 3 | 24ZZ(ba) yu®/3 ¢ F0ua® ¢ o*
typetteam(heur) 60 | 20ue® ¢+ o°

timevtyperheur 3 | 1233E(abe) (4ul/3 + Cave® ¢+ ot
timentypanteam(hour) 60 | cava® + ot

errop 0 | o®

'

Tests of the assunpbions on which the ANOVA model 1 based
demonstrated that the model i{# applicable, with reservations, to the
results of this atudy, Specitiocally, the variance for teams with
heuristics wag amaller than for teams without heuristics. The error
terms  were approximately normally distridbuted, No wstandard
transformation reduced the differonce in variability. Since the test
was at the commonly accepted limit and no better model existed, the
model was accepted s# applicable for the results of the study.)

5.7 Statistical Analysis Using ANOVA Mo Resourqe Commitments to
Urnertain Events |

The variable uszed to measure resource commitments to uncertain
events waps the proportion of uncertain aevents of a particular type to
which resources were committed subsequent to weeking information. Table
8.13 is the ANOVA table for the resource commitment variable.

"The three-way intersobion (timentypetheur) was not statistically
signitiocant, There waw alwo no statistically wsignificant two-way
interaction effacts for typertime. Using the mean aquare for
timenteam(heur) as an error term, there was no statistically significant
effect for heurttime (p = ,1388), Using the mean square for
typerteam(heur) as an error term, there was an effect for typerheur (p =




.0001). Since only time was not involved in any significant interaction
effacta, only the main effects for time were analyzed. Using the meun
square for timetteam(heur) as an error term, there was no statistically
significant effeact for time (p = .9874).

TABLE %.13 ANOVA Results, Resource Commitments to Uncertain Events

Source DF Sum of Squares Mean Square
Model 125 34,07008844 0.27203727
Error L] 0.228083368 0.00343187
Corrected Total 101 34.30848231

Source DF  Bum of Bquares F Value Pr ) F
time 1 0.00000170 0.00 0.0874
type 3 22.01712980 110,98 0.0001
heur 1 1.10062200 10.08 0.0036
team(heur) 212 2.40120487 (no teat)
typestime 3 0.01171740 1.14 0.3369
heurvtime l 0.01879871 2,36 | 0.1368
timenteam(heur) a1 0.14706877 (no tewt)
typerheur 3 3.04281147 14.74 0.000]
typerteam(hour) L1 4.84287381 (no teat)
timentyperheur 3 0.00134371 0.13 0.0414

3.8 Findings atad to the

The following subsections relate the findings outlined above to the
hypothesas presented in Chapter 3,
5.8.1 E{fects of Information Pregentation Form

This rosearch compares the impact of three coding aschemes: two
gingle-featured schemes (nolor and alphabetic) and & conjunctive scheme
(combination of wcolor and alphabetic)., The following two subsections
repoat the hypotheses and present (findings gconcerning the effects of
information presentation form on decision quality and paerceived
workload,

8.6.1.1 Information Presentation Form and Decision Quality

Hia., The quality of team decisions in the TRAP will be higher
for teams confronted with single-featured (either alphabetio
or color-coded) event symbols than for teams confronted with
events represented by oconjunctions of {features, However,
thore will be no difference in decision quality between teams
uring an alphabetic ocoding scheme and teams using a color
coding scheme,

m




The primary measure of declsion quality in pearforming the TRAP was
the ratio of a team's score on a trial to the computer model’'s score on
the seme trial, The ratio of a team's points earned from certain-valued
events to the team's total points provided a behavioral measure to help
explain overall performance differences; high quality decision making is
indicated by approaching the ratic achieved by the computer model, Data
on the proportions of various types of certain-valued events nompleted
was also analyred; high quality decision making is indicated by low
proportions of low-value events completed and high proportions of high-
value svents completed, '

The results of this study suggest that information presentation
form does not affect overall decision quality on the TRAP, Using the
ratio of team score to model wmscore as & measura, thare were no
significant differences among the form treatments (p » ,6338). Teams
using the color coding scheme earned 74.4 percent of the points earned
by the model on the same trials, teams using the nlphabotlé wechdime 73,0
percent, and teams using the conjunctive scheme 72.7 percent. It should
he noted that the tests ware powerful enough to detect effects of other
veriables, The power of the F test to detect differences among
information presentation form treatments of 4 percent of the model score
(comparable to obhar detected differences) given the variability
experienced in this study excesded 00 percent.

Tha ratio of team score to model score is an overall nmeasure of
team performance, but the same level of performance could be achieved in
a variety of ways, Other measures that desoribe how a team beshaved with
regpact to specific features of the TRAP help to explain differences in
per{ormance, Specifically, two addibtional measures ware used in this
study, The 1relative emphasis that a team placed on certain and
uncertain evants was captured in the ratio of & bteam's points warned
from certain-valued evants to the team’s total pointa. At a finer level
of detail, a mecond behavioral measure examined the proportion of events
of each type complated by a tean.

Using the ratio of a team's points earned from certain-valued
eveants to the team's total points as a measure, there were atill no
significant differences among the {nformation presentation form
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treatments (p = ,8808), Teams using the color coding scheme earned 50,1
percent of their points from ocertain-valued events, teams wusing the
alphabetic scheme 62.0 percent, and teams using the conjunctive scheme
48.2 paercent, By comparison, the model earned 43,7 percent of its
points from certain-valued events,

Similarly, information presentation form had no effects on the
proportions of specific certain-~valued events ocompleted. Completion
rates for two low-value events (l-player-l-point-per-playsr and 2-
player-2-points-per-player) and ¢two high-value wevents (3-player-8-
pointg-per-player and 2-player-4-points-per-player) were analyved. A
third type of low-value event, 3-player-l-point-per-player, could not be
atatistically analyzed weince only one such event was completed by any
tesam (a team using the oconjunctive coding scheme), There were no
gignificant differences amung the form treatments for completion rates
of any of the analyred event types: ¥
.8062 e
3164

l-player-l-point-per=-playenr
d<player-2~pointy~per-player

P

P
J-player-8-pointg~per-player p = .008)

P

3-player-4-pointy-per-player 0782
Hypothesis Hla, then, was partially supported by the results of
this study, The {indings supported the expected lack of dif{ference in
decision quality between teams using different single-featured coding
schemes, lHowever, the results did not support the expected difference
{n dacivlon quality between teams uwsing single-featured wschemes and
those uging a conjunctive gcheme.

5.8.1.2 Information Presentation Form and Perceived Workload

Hib. The perceived workload in the TRAP will be lower for
teams confronted with single-featured (either alphabetic or
"golor-coded) event symbols than {for teams confronted with
events represented by conjunctions of {features. However,
there will be no difference in perceived workload between
teams using an alphabetic coding achame and teams wusing a
golor coding scheme,

The single measure of perceived workload in performing the TRAP was
the average of team member Bubjective Workload Assessment Technique
(S8WAT) ratings. BWAT ratings may range on a scale from 0 to 100 (wee
Appendix A), The results of this study wuggest that information




pregaentation form does not affect perceptions of workload associated
with performing the TRAP, There were no significant differences in SWAT
ratings among the information presentation form treatments (p » .3083),

Hypothesis Hlb, then, was partially supported by the results of
this study, The findings supported the expected lack of difference in
parceived workload between teams using different single-featured coding
schemes. Howsver, they did not amupport the expected difference in
perceived workload batween teams using single-featured schemes and thome
using a conjunctive scheme,
8.8.2 Effects of Buggested Decision Strategy

This research assesses the impaot of provision and discussion of
decision heuristios by ocomparing performance with the heuristics to
performance without the heuristios, The {ollowing two subsections
repeat the hypotheses and prasent findings concerning the effects of the
suggestad decimion strategy on decision quality and perceived wonklosd.
5.6.2.1 Susaested Decision Birat Decision Qus SO

Hypothesdes and findings concerning the effects of the suggested
decigion strategy on decimion quality are presented in two parts.
Effects on overall decision quality will be addressed first folloewed by
an assesgment of the particular effects on the quality of decisions made
under uncertainty,

$.8.2.1.1 E{fects on Qversll Decision Quality.

H3a (1), The quality of team decision in the TRAP will be
higher with provision and discussion of decision heuristics
than without provision and discusalon of decision heuristics.

In this wstudy, overall decidion quality was aftected by the
presence or absence of a suggested decision strategy. Ratios of team
scores Lo model scores were significantly higher with heuristics (78.8
percant of model) than without heuristics (71.2 percent of model) (p »
,0092),

Using the ratio of a team's points earned from certain-valued
eventy to the team's total points aw & behavioral measure, teams with
heuristion earned a significantly lower proportion of their points from
certain-valusd events (43.6 percent) than did teams without heuristios
(87,6 percent) (p = ,020), For comparison, the model earned 485.7




percent of its pointa from certain-valued events. Teams with heurimtics
behaved more like the model than did teams without heuristics,

The heuristics treatment also affected the proportions of some
speci{ic certain-valued events completed; teams with heuristiocs
completed {ewer low-value events (as recommended in the heurisilics) than
did teams without heurlstics, Specifically, teamy with heuristiocs
completed 3.5 percent of the l-player-l-point-per-player events compared
to the 7.7 parcent completed by teams without heuristics (p = ,0331).

Hypothesis H2a(l), then, was wsupporbed by the results of thix
study. The tindings supported the expected difference in decision
quality between teams with and those withoub the suggested decision
strategy. ; , ',

5.6.2.1.2 E{{egts on the Quality of Devisions Wnder Upcertsinky.

H2a(3) ., Without the provinien''.and disoussion of decision
heuristics, teams will seek additional {nformabion about and
commit resources to uncerbtaln «vents ab o rate different from
that anticipated according to enpacted utility theory.' With
the provision and discuskion i deaision heurlsticos, teams
will seek additional information about and commit resources to
uncertain eventas acoording to expeabed ubility theory.

Ditferences in how teams ' 'dealt with udoertwinty wenre exsmined in
terms of the proportion of uncertuin svents about which teams wought
additional information and the proportion of uncertain events te which
resources were committed subsequent to seeking additional information.
5.8.2,1.3.1 Sesking Information About Unnertain Events. The vesults of
this astudy suggest that the presence or absence of heuristicn Coes
afteat the proportion of uncertain events about which teams week
additional information (p = ,0048). Temr  with heurlgbics week
information about significantly mors wuncertain events (87.9 parcent)
than do teams without heuristios (38.8 percent). For comparison, the
computer model, which uses expected value an the basis for its decisions

aboubt wuncertain events, wsought information about 685.7 percent of the

uncertain events,

The portion of hypothesis H2a(2) related to wmeeking information
about uncertain events, then, was supported ULy the results of this
gtudy, Teams with the wsuggested decision strategy wought additional
Information about wuncertain events at & rate more consistent with




:E::: . expectod utility theory than did teams without the suggented decision
)
:':‘: strategy,
h 5.0.2.1.2.2 Commitiing Resources to Uncertain EHvents. The results of

;fﬂ thisg study suggest that ¢he presence or abmence ¢f heuristica does

e ! .

QﬁQ afiect the proportion of untertain eventa to which teams ocommit-

jﬁk resources rubssquent Lo seeking additional iriormation. Spacifically, "
v the interaction betwesn +the heuristicos treatment and the types of

Ef uncertain events was significant (p = ,0001). Four types of uncertain

}ﬁﬂ events ware defined by the ocombination of an event's probadbility of

?i: payoff ('H'igh or 'L'ow) and its possible point value (9, 21, 38, or 7
A 84). The posnsible combinations were H9, H3l, L30, and L84, Teble B.14
ﬁSﬁ provides the proportions of each type of uncertain event vomplated by 1
%&f teams with and teams without heuristios, Propoitions acmpleted by bLhe

Sl i '

:ﬁ{ computer model are 51,' included fot comparison, ‘ ‘ s

, ' . ' | v i
Y " . s '
jﬁh TABLE 8.14 hesource Comni’ments to Uncertaln Srents °

,;g'. ’ . ‘ et
'-;;:5‘,5 | : Ha! HP L84 L30

£al - , ' P

o With o !
'}% : , Heuristics 93.1% 0.14X 01.0% 0.5%

o . . .

:'?s o Without , ' :

A ' Heurisbice 98.0% 40,0% 13,0% | 31.8%

-"hl . l ‘

s ‘ Model 100.0% 4,02 100, 0% 4.2

4.';\ .

J“’,l L J
}F‘ Flgure 5.1 graphically fllumtrates the interaction when data points

;:“ are computed as the diffurence betwesen the proportion of uncertain

> events completed by teams and those completed by the model. (Thu zero

y& line on the figure reflects performance by the model.) The tigure shows

L)

,Eﬁ that teams with heurigtics commitved resourcas to uncertain events ab

Loty

f?» rateg very similar to the modal. Teams without heuristics matched the
!. model for events with & high probability of & large payof! (H31) but

ﬁ“ deviated frem bhe model on other events. Specifically, teams without

25} heuristion overcommlitted to events with low expected utility (HP and
U

B L38) and undercommitted to events with high expected utillty but a low

probability of payoff (LBA).
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Figure 6.1 Resource Commitments

The portion of hypothesis H2a(2) related to resource ocommitment to
uncertain events, then, was asupported by the results of this study,
Teams with the wsuggested decision strategy ocommitted resources to
uncertain events at a rate more consistent with expecoted utility theory
than did teams without the suggested decision strategy.

5.8,2.2 Suggested Decision Strubtegy and Perceived Workload

H2b. The perceived workload in the TRAP will be lower with
provision and disoussion of decision heuristics than without
provision and discussion of decision heuristics.

In this study, perceived workload, as measured by SWAT ratings, wag

not affected by the presence or abasence of a suggested decision strategy
(p = .7765). Teams with heuristics rated the TRAP at 390.3 on the 100-
point workload scale; teams without heuristics rated the TRAP at 368.2.
Hypothewis H2b, then, was not supported by the results of this wtudy.
5.8.3 Effects of Time Stress

This research compares the impact of two levels of time stress,

The following two subsections repeat the hypotheses and present findings
' 83




o |
fﬁﬁg concerning the effects of time stress on decisicn quality and perceived
fﬁ; workload.
. 5.8.3.1 Time Stress and Decision Quality.
H3a. The quality of team decisions in the TRAP will be higher
K under moderate time pressure than under high time pressure,
The results of this study suggest that time stress does affect
<) overall decision quality on the TRAP., Using the ratio of team ecore to
;SE model gcore as a measure, teams performed significantly better under
i%; moderate time pressure (79.5 percent of the model score) than under high
’?ﬁ@ time pressure (07.2 percent of the model score) (p » ,0001),
5 ﬂ Time pressure also had & main effect on the proportions of 1-
ﬁ?? player-]l-point and 2-player-4=-points-per~player events completed. In
ﬁﬂ} each case, teams completed more events under moderate time pressure than
&i? under high time pressure, Table 3,18 shows the proportions of the two
{hf ) types of events completed under high and woderate time pressure,and the
:gif significance of the differences. Proportions completed by the medel are
‘igs also shown for comparison. Note ©bthat, although teams came ocloser to
Sk behaving like the model under moderate time pressure than under high
' » time pressure, it was not necessarily “good®' to complete more low-valued
.ﬁ: events,
'jﬁi TABLE 5,18, EHvents Completed versus Time Pres:iure
‘ﬂ 1 Player 2 Players
gia 1 Point 4 Points each
e Mode] .073 889 |
N High
ma Prussure 048 302
g? Moderate
ﬁﬁ Pressure 004 ' 436
' Significance p = .040 p = .002
i
.ﬁa} Time stregs also affected information seeking activity. Teams
pﬂt sought additional information about significantly move uncertain events

under moderate time pressure (82.6 percent) than under high time
pregoure (43,0 percent) (p » ,0001). For compurison, the computer model
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gought information about 65.7 percent of the uncertain events. Teams
behaved more like the model under moderate time pressure than under high
time pregsure,

Hypothesis H3a, then, was supported by the results of this study.
Except for the number of low-valued events completed, the findings
supported the expected degradation of decision quality under high time
pressure,

5.8.3.2 Time Stress and Perceived Workload

H3b. The perceived workload in the TRAP will be !lower under
moderate time pressure than under high time pressure.

Using SWAT ratings as a measure, team perceptions of workload in
trials under moderate time pressure were significantly lower (31.0) than
in trials under high time pressure (46.7) (p = ,0001).' Hypothesis H3b,
then, was supported by the results of this atudy,.

5.86.4 Effects of Practice 4

This research assesses the impact of practice on TRAP performance.
The following two subsections repeat the hypotheses and present {indings
concerning the ef{fects of practice on decision quality and perceived
workload,

5.8.4.1 Practice and Degision Quality.

Héa, The quality of team decismions in the TRAP will {mprove
with practice, espacially in early sessicons.

The results of this rtudy suggest that practice does affect overall
decision quality on the TRAP., Using the ratio of team score to model
score as a measure, teams performed significantly better {n sessions 3
and 4 (78.0 percent of model) than in sessions 1 (70.7 parcent of model)
and 2 (72,7 percent of model) (p = ,0003).

Using the ratio of a team's points earned f{rom certain-valued
events to the team's total points as a behavioral measure, teams earned
a higher proportion of their points {rom certain-valued aevents in
segsion 2 (83,6 percent) than in any other session (mession 1, 40.8
percent; sesgion 3, 49.0 percent; session 4, 47.4 percent) (p = ,0083).
For comparison, the model earned 45.7 percent of its points from
certain-valued events; after deviating in session 2, teams returned to a
more appropriate proportion during sessions 3 and 4.
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In terms of the proportions of specific certain-valued avents
completed, practice had a main effect only on the proportion of 2-
player-4-points~per-player events ocompleted. Teams completed more of
these events in segsion 2 (44.3 percent) than in any other session (38,1
percent in sesdion 1, 30.2 percent in session 3, and 38.0 percent in
gsession 4) (p » ,0310), For the sake of comparison, the model completed
58.9 percant overall with essentially no variation among sessions).

Practice also affected information seeking activity. Teams sought
additional information about wsignificantly more wuncertain events in
sesgion 4 (B81.2 percent) than in either session 1 (47.7 percent) or
geggion 2 (45,9 percent) (p » ,0112), For comparison, the computer
model gsought information about 65.7 percent of the uncertain events.

Hypothesis H4a, then, was supported by the results of this study.
The findingas supported the expacted improvement in decision quality over
the {four oexpesrimental sessions. The results for the behavieral
variables suggest that the performance improvement was achieved By first
improving efficienoy in handling oortcin-vuluod svants and then by more
appropriately handling uncertain events,
5.8.4,2 Practice and Perceived Workload

Héb. The perceived workload in the TRAP will decline with
practice, espeaially in esarly sessions,

Using SWAT vratings as & measure, bteam perceptions of worklcad were
gignificantly lower in session 3 (33.8) than 4{n any other zession
(segaion 1, 30.85; wession 2, 42.1; session 4, 40.2) (p = ,0001),
Hypothesis H4b, then, is not clesarly supported by the results of this

study; variations in perceived workload do not match the expected
pattern,

5.8.5 Interactive Effects of Time Stress and Information Presentation
Forn |

This research asseswes the interaction between time stress and
information presentation form, The following two subsections repeat the
hypotheses and present findings conocerning the impact of the interaction
on decision quality and perceived workload.
85.8.9.1 Time Stress/Information Presentation Form and Decision Quality.

HEa. Time pressure and presentation treatment will interact
such that the advantage of single-featured coding over
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vonjunotive goding {or deoldion quaiity will be greater under
high time pressure than under moderate time pressure,
However, the relative effectiveness of alphabetic and color
coding for devision quality will remain the same whether under
high or moderate time pressure.

The results of this study suggest that thore are no interaction
effects betwcen time stress and information presentation {orm on
decision quality. Using the ratio of team score to model acore as a
measure, variations in time pressure did not modify the lack of effects
related to the ocoding schemes (p = ,B013), There were al2o no
interaction effects between time stress and information presentation

form using bthe ratio of a team's points earned from certain-valued
events to the team's total points as a behavioral measure (p = ,8820),
Hypothesis HBa, then, was partially ‘supported by the results of
this study. A expected, time prclluro.didjkpt modify the relative
offectiveness of alphabatic and ocolor oodLng”olohnmnl tor decision
quality, However, contrary to expectations, time pressure aluo failed
to modify the relative effectiveness of asingle-featured and conjunctive
coding schemes for decision quality.
5.8.8.2 Time Stres¢/Information Presentation Form and Perceived
Workload.

H3b, Time pressure and presentation treadtmendt will interact
such that the advantage of single-featured coding over
conjunctive coding for perceived workload will bes greater
under high time pressure than under moderate time prewsure,
However, the relative impact of alphabetic and color coding on
perceived workload will remain the same whether under high or
moderate time pressure,

Using SWAT ratings as a measure of perveived workload, there were
no interaction effects between time stress and information presentation
form (p = .2024). Hypothesis HBb, then, was partially supported by the
regults of this study. As expected, time pressure did not modify the
ralative impact of alphabetic and color coding. However, contrary to
expactations, time pressure alwo failed %o modify the relative impact of
single-featured und conjunctive coding on perceived workload,

5.8.8 Intersctive Effects of Practiow and Information Pregentation Form

Thig resesrch assessed the interaction between practice and

information presentation form. The following two wubsections repeat the
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hypotheded and pregent findings concarning the impact of the interaction
on decision quality and perceived workload.
§.8,0,1 Pragt Information Prege Form and i uality.

H8a. Practioce and presentation treatment will interact such
that any differences in the relative effectiveness of
alphabetic and ocolor coding for decision quality will
attenuate over the four experimental semssions. However,
differences in the relative effectiveness of oconjunotive and
singie-featured ocoding will remain constant over the four
experimental sessions.

The results of this study suggest that there are no interaction
effects between practioce and information preasentation form on decision
quulity. Using the rabio of team yoore to model goors asd & measure,
practice did not modify the lack of effects related to the coding
schemey (p = ,0112), There were sl¥o no interaction effects bebween
practice and information presentation form using the ratio of a team's
pointy earned from ourtain-valued evenby to the team's botal pointy ad
behavioral measure (p = ,2708), BRI

Hypothesis HOa, then, was partially supporied by bhe recults of
this study, Ar expected, practice did not modify the relative
ef fectiveness 6! conjunntive and single-{featured ocoding schemes for
decision quality, However, contrary to¢ expecatations, practice also
failed to modify the relative effectivenany of alphabetiv and color
coding schemen for decision quality.

5.8.9.2 Practice/Information Fresentation Form and Perceived Workload.

H6b. Practice and presentution treatment will interact such
that any differences in perceived workload associated with
alphabetic and color coding will attenuate over the four
experimental wmesrions. However, differences in perceived
workload assoolated with oconjunctive and single-featured
coding will remain oconstant over the {four experimental
sessions.

Using SWAT ratings e# a measure of pofooivcd workload, there ware
no interaction effects between practice and information presentation
form (p = ,841%), Hypothesis HOb, then, was partially supported by the
regults of this atudy. As expected, practice did not modify the
relative impact of alphabetic and color ooding on perceived workload,
However, contrary to expectations, practice also failed to modify the
relative impact of wingle-featured and conjunctive coding.




5.8.7 Interactive Effects of Time Stress and Suggested Decision
Strategy

This redearch asgsessed the interaction between time stress and the
suggested decision strategy. The following two subsectiona rensat the
hypotheses and present findings concerning the impact of the interaction
on deocision quality and perceived workload,

5.8.7.1 Time Stress/Suggested Decision Strategy and Decision Quality.

H7a. Time pressure and heuristios treatment will interact
.guch that the difference {n deocision quality related te
heuristios treatment will be greater under high time presasure
than under moderate time pressure,

The results of this study wsuggest that time stress and the
suggested decizion astrategy do 1ntoruoe.' Using the retio of tcam score
to model score as a measure, the heuristics treatman: snd Hime presgure
interacted such that, under high time pressure, tuams with Leuristics
(68,6 percent of model) did little better than teams without heuristics
(65.7 percent of model); however, under moderate time prdliuroﬂ Leams
with heuristics soored significantly higher (82,4 percent of model) than
did teams without heuristics (76.8 percent of model) (p = ,0300),

Using the proportion of 2-player-2-points-per-player event
completed as a behavioral measure, there was a three-way interaction
among the heuristice, time astress, and practice variables (p = ,0038),
Table 85.10 provides the proportions of these events completed by tLeams
with and without heuristics during each session under high and moderate

time gtress. For comparison, the model completed about 4.3 percent of
the 4-point events. Figure 5.2 graphically {llustrates the interaction.
Except during session 1 under moderate time pressure (when teams with or
without heuristios completed about the same number of 4-point events),
teame with heuristics coasistently completed a very low proportion of 4-
point events, The highest proportions of 4-point events completed by
teams without heuristics were in sessions 2 and 3 under moderate time
gtrasg; the lowest proporbtion for teams without heuristios was in
gesgion 3 under high time stress., The result) suggest that teams with
haurigtice learned quickly to ignore 4-point events; beyond seswsion I,
time strese had little impact on the proportion completed, Except under
moderate btime pressure in sesdion |, teams without heuristios




congigtently completed a higher proportion of 4-point evenis than did
teams with heuristics; the magnitude of the difference varied depending
on both practice and time stress. Under high time stress, teams without
heuristics completed a moderate number of 4-point events except for a
lowar proportion in session 3; under moderate time stress, teams wibthoud
heuristics completed a moderate number of 4-point events in seggions |
and 4 and & higher proportion in sessions 2 and 3.

TABLE 9.16 Timersegarheur Effecty on Completing 4-Poinbt Events

Beasion
1 2 3 4

With heuristics

High stress 0,3% 0.7% 1.0% 1,0%

Moderate strass 3.8% 1.0% 1.7% 1.7%
Without heuristics _ y

High gtresds 8.2% 4.0% 2.1% A.3% L,

Moderate stress 3.2% 7.7% 7.0% 4.2%

Hypothesis H7a, then, was not supported by the results of this
study, The interaction betweean time wmtress and the suggested deciuion
strategy did affect decision quality, bub not in the expected diection,
The suggonted decision wstrategy had s greater impact on overall
performance under moderate time pregsury than under high time pressure.
The specific behavioral impact on completing 4-point events depanded on

practice,
5.8.7.2 Time Stress/Suggfested Decision Stratugy and Perceived Worklosd.
HTb, Time pressure and heuristios btreatment will interact

such that the difference in perceived workload related to
heurigtios treatment will be greater under high time pressure
than under moderate time pressure,

Using SWAT ratings «s & measure, the interaction between time
stress and the suggested decigzion strategy had no significant effects on
perceived workload (p = ,4490), Hypothesis HTb, then, was not supported
by the results of this study; time pressure did not modify the impact of
tho‘auggalbod decision strategy on perveived workload,

00
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5.8.8 Interactive Effects of Practice and Suggested Decision Strategy

This research assessed the interaction between practice and the
suggested decision strategy, The following two subsections repeat the
hypotheses and present findings concerning the impact of the interaction
on decision quality and perceived workload.

5.8.8.1 Practice/Suggested Decision Stratedy and Decision Quality.

. Hba, Practice and the wsuggested decision strategy will
interact wuch that the advantage with provision and discussion
of decision heuristics will attenuate over the f{our

experimental sessions.

The results of this study suggest that thers are no interaction
effecty between practice and the suggested decision strategy on decision
quality except for the three-way hourltlmolloll interaction effect on
completing 2-player-2-points-par-player events (see BSection 8.8.0.1).
Using the ratio of team score to model score a# a measure, practice and
the heuristios treatment did not interact (p = ,0188), There wam also
no {interaction between practice and the suggested decision dtrategy
using the ratio of a team's points earned from certain-valued events to
the team's total points as a behavioral measure (p = ,0004), Hypothesis
HBa, then, was not supported by the results of this atudy. In other
words, the heuristics were effective immediately, and teams with
heuristics retained their advantage throughout the experiment,

5.8.8.2 Practice/Buggested Decision Stratesy and Percejved Workload.

Héb, Practice and the wsuggested decision wstrategy will
interact such that differences in perceived workload between
teams with and those without provision and discussion of
deolsion heuristios will attenuate over ths four experimental
segsions.

Uging SWAT ratings aw a measure of perceived workload, there werc
no interaction effects between practice and the suggested decision
strategy (p = ,3802)., Hypothesis HBb, then, was nob wupported by the
regults of this astudy; practice did not modify the impact of the
suggested decision strategy on perceived worklosd,

5.8.,0 Relative Effects of Infepmation Presentation Form and Susgested
Decigion Stratesy

This resdearch compared the impact of information presentation form

and the suggested decision astrategy. The following two subsections
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repeat the hypotheses and present {indings concerning the relative
effects of the two variables on decision quulity and perceived workload,
5.86.9.1 Information Presentation Form vs, Suggested Decision Strategy

and Decisjon Quality.

HOa, The magnitude of impach on decision quality related to
information presentation form and to the suggested decision
strategy will be the smame,

The moast important finding of this atudy is bhat, although no
significant effects of information presentation form on decision quality
were detected, heuristics did powitively affect deciwion qualibty in a
dynamie group intelleotive task involving uncertainty. Therefore,
hypothesis HOa concerning the relative effects of the two treatments on
deciwion quality was not supported; the suggested decision wstrategy had
& greater impact on deoision quality ohan did bthe informabion
pregentation form,
5.8.9.2 Information Prosentation Form vs

and Percejved Workload.

HOb, The magnitude of impact on perceived workload related to
information presentation form and to the wuggested decision
strategy will be bthe wame.

soidion

No significant effects of either information presentation form or
the suggested decision strategy on perceived workload were detected,
Therefore, hypothesis HOb oconaerning the relative effects of the two
treatments on perceived workload was supported.

8.9 Summary of Results

The most important finding of this study was that, in a dynamic
group cholce task, heuristios had & much greater positive impact on
decision quality than did varying the ocoding scheme by which decision
data was presented. Other findings inolude the following:

--  Neither information presentation form nor heuristlics had an
impact on SWAT measures of perceived workload.

=~ (Qroups performed bettar and perceived lower levels of workload
under moderate time pressure than under high time precsure.

.- Groups performed better and perceived lower levels of workload
with practice.
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~-- Neither time w»tress nor practice modified the finding that
information presentation form had no effect on either decizion
quality or percveived workload,

<=  Heuristics had a greater effect on decision quality under
moderate time stress than under high time stress,  However,
time stress did not modify the finding that heuristica had no
effect on perceived workload.

«= Practice did not change the effects of heuristiocs on decision
quality nor did It modify the finding that heuristics had no
effect on perceived workload.

Thiw chapter presented a statistical analysis of the results of the
research, Tt next ochapter places the findings in the context of the

conceptual model and the relevant literature and discusses research
implications of the results.




6.0 DISCUSSION OF RESULTS AND CONCLUSIONS

The first section of this chapter presents a dimcussion of the
ragaarch findings. The disoussion is {followed by a &summary of the
overall conclusions from this research.
6.1 Digcuseion of Resultis

This section opens with a discussion of the most important result
of the #tudy, whioh concerns the relative impact on decision quality of

decigion process alds and information presentation forms., The opening
rubfaction {s followed by a disouswion of other {indings. A third
subsection briefly presents dome observational {indings not clearly
related to any of the hypotheses,

6.1.1 Digcussion of Primary Result

The most important finding of this research is that, in a dynamic
group intellective task, the impact on decision quality of aids which
guided the decimsion process was much greater than the impact of the form
in which information waa presented, In the context of the conceptual
model for this study, direot interventions in the decision making
process by means of a suggested decision strategy had a greater ultimate
impact on decision quality than did indirect interventionsy by means of
modificationsg to tholinformatlon presentation form,
6.1.1.1 Sugfgested Decision Stratedy and Degirion Quality. To better
undaratand why teams with heuristics performed better than those without
heuristics, videotapos of six teams (the top three and the bottom three
teams selected on the basis of overall average ratios of team scores to
model scores) were reviewed. None of the bottom three teams received
the heurjastica; the top two teams received the heuristics, and the third
beut team quiokly developed and adopted & strategy very similar to thet
proposed in the heurigtiocs. Contrasts between the top three and the
bottom three teams, then, will be used Yo illustrate decigion-making
differeances between teams wusing wtrategies oriented toward the
heuristica and those using alternate strategies.

By providing and encouraging discussion of the heuristics, it was
expected that explicit attention paid to an experience-based sirategy’
would increase the probability that team members would recognize correct
choices in the TRAP and would thereby improve decision quality, Three




N comparisons between the top threa tnamg and the bottom three teams

) sugge t that teams with the heurimtiocs (or with a clear commitment to a
égi heuristics-like wtirategy) were better prepared to recognize gorrect
@ﬁ; choiceg than were teams without the heuristics, First, the top three
ggg teamg wasted less time searching for alternatives (an average of 10.9
:e;r time units per trial when no resources were committed) than did the
igg bottom three teams (18,8 time units per trial), Second, the top three
{gw teams made poor choices (selected less than the best combination of
ﬁvﬁl events) leas f{requently (an average of 3,9 times per trial) than did the

bottom three teams (8,7 times per trial). Finally, the top three teams
raversed commitment® (used their reset buttons) less f{requently (an
average of 1.6 times per trisl) than did the bottom three teams (3.0
timea per trial),

The link between the decision heuristics and improvea performance
was also hypothesized in part on the bamis of providing the heuristios
as a technique for reducing human bias in deciwion making (FISCE3),
Each of the four heuristics provided waz intended to overcome a mpecific
biag evident in the performance of previous TRAP participants. Behavior
differences related to vach of the expected biawes between teams with
heuristios and those without heuristics help to explain the overall
performance di{{erences,
6.1.1.1.1 Heuristic *1. The f{first heuristic encouraged teams to
complete high-certain-valued events as a first priority. Specifically,
teams were told to look for both J-person-8-pointa-per-person events and
2-person-4-points-per~person events in combination with a B-point event
for the third person. All teams, with or without heuristics, complete
all or nearly all of the 3-person-8-puinta-per-person evaents., There was
also no astatistically asignificant difference between teams with
heuristice and those without {n the number of 2-person-4-points-per-
person events completed, Reviews of the videotapes, howaver, suggest
that teams wuding & heuristics-oriented strategy tended to be more
gselective in completing these avents,

Teams without heuristios completed 42.0 percent of the total number
of 2-person-4-pointa-par-person events; the bottom three teams |in
particular completed 81.2 percent, Of the available combinations ol 8-
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point events with S-point events for the third person, the bottom three

teama still completed 51,2 percent. Judging by ¢their comments and
actiong, the bottom three teams wimply sought to complete a significant
number of the 2-person-4-points-per-person aevents. Where high-value

combinations were completed, they were often discovered only baecause bhe
third person went looking for a one-person sevent after the other team
mombers indicated intent to commit resources to the two-person event,

By comparison, teams with heuristics completed 37.1 percent of the
total number of 2-person~4-poinis-per-person events; the top three teams
in particular complated about the same number (37,2 porconb).- However,
of the available combinations of B-point eventa with B-point events for
the third persen, the top three teams completed 62.2 percent. Judginy by
their comments and actions, the top three teamu looked for high-value
combinations involving 2-person-4-points-per-person events.
6.1.1.1.2 Heuristic #2. 0f the heuristics provided, the one that
seemed to have the greatest overall impact was the amecond heuristic
which guided teams toward using expected utility theory in dealing with
uncertain events. As asuggested by prospect theory [(KABN7G], teams
oparating without the heuristios in this study valued certain gains over
maraly probable gains. Specifically, teams without heuristics earned a
larger proportion of their points from certain-valued events than {rom
uncertain events and sought additional informstion about fewer uncertain
events than did teams with heuristics. Teams operating with the
heurigtics, on the other hand, handled uncertain events according to
expected utility theory (KAHN7Q], illustrating the debiasing effects of
the heuristics [FISC82).

The magnitude of the impact of the second heuristic seemed to be
related to two {factors. First, 20 .uncertain evaents represent a
gignificant proportion (31 percent) of the available events in each
trial, so differences in wstrategy concerning uncertain evenis resulted
in clear differences in performance, Becond, differences in strategy
concerning uncertain events betwean teams with heuristics and those
without were more obvious and consistent than were differences in
strategdy ralated to any of the other heuristics. Teams with the
haurigtics very consistently followed the expected wutility guidelines
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for handling wuncertain events,. By wocontrast, teams without the
heuristics ranged from almoast totally avoiding uncertain events to
dopgnding almost aexclusively on wuncertain events., Teams without the
heuristics also varied greatly in their wselectivity in committing
resourced to uncertain events subvequent to wseeking additional
information, For example, among the bottom three teams, one tean
committed resources indiscriminately to almost every uncertain event
about which it wsought information, one team essentially ignored
uncertain events wuntil the last two trials, and one team committed
resources to uncartain events on the bamis of high probability of payoff
rather than high expected value,

6.1.1.1.3 Heuristic #3. The third heuristic encoursa,.d teams to ignore
low-certain-valued events, As axpected, teams with heuristiocs complated
a statistically significant lower number of low-valued events than did
teams without heuristios. The bottom three teams completed mare than
three times as many low-valued events as did the top three teams., Given
the small proportion of low-valued events completed aven bLy teams
without heuristics, however, the direct impact of this heuristic was
limitad, The average difference in points earned from low-valued eventis
between teams with heuristios and those without was less than 1.1 pointa
per trial, An indirect impact of the heuristic was that Leams with
heurigtics committed resources to more valuable events while teams
without heuristios were comnitted to earning that 1 point per trial, but
there is no clear mechanism for placing a value on the indirect benefit.
6.1.1.1.4 Heuristic #4, The fourth heuristioc suggested that teams
remain synchronized in committing resources to events. In other words,
team members ghould commit individual resources to a combination of
events simultaneously so that all team resources will be free for

follow-on commitments simultaneously and at regular intervals,
Synchronization should reduce conflicting demands on a resource and,
therefore, w#implify the deciwion-making process. In reviewing the
videotapes, the occurrence of a loss of synchronization was defined to
be any occadion on which & team member committed hiw/her regource two
time units or more later than other resource commitments by the team.
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tk On average, the top three teams lost synchronization 2.2 times per trial
“; while the bottom three teams lost aynchronization 8.8 times per trial.

Z; 6.1.1.2 Interactive Effects of Time Stress and Suggested De

Qa Stratedy. Heuristios had & greater effect on decision quality under
é; moederate time wtresy than wunder high time stress, Using the overall
N performance measure (ratio of team score to computer model score), the
E% heurluilcs had a positive influence on decision quality only under
e mederate time pressure, Two interpretations of thisw finding were
ﬁf considered, |

' First, it ocould be that, given time to apply the heuristics, the
;ﬁ heuristics provide a performance gain with no appsrent cost in perceived
;% workload, In other words, under high time stress, teams may have
;ﬂ resorted to very simple decision rules, whether or not they had received
'; _ the' heuristics, reacting as best they could. Under moderate time
'&' preagurs, toams had time to more carefully consider their alternatives
{Q and ocould adopt more complex decision rules, whether the decision rules
éﬁ: were provided externally or oreated internally., The heuristics, then,
y may have focused team attention on applying a consistently ‘good’ set of
.&: ~ decision rules that improved performance without making the task any
'gs more difficeult than it was for teama who applied their own decision
K rules,

,: [f the lack of significant impact of the heuristics on SWAT ratings
ﬁ ig asyumed to be due either to counteracting effects or to measurement
;;E problems with BSWAT, & wsecond interpretation is that some of the
0 henristics may have added to the demands on human information processing
N rather than routinizing decisions. It ocould be, as for the first
5? interpretation, that under high time pressure, teams resorted to very
gs nlmplo. reactive strategies; teams with -heuristics, whose information
5 processing oapacity may already have been taxed by the demands of the
; high speed task, failed to apply the whole sebt of heuristics. Under
s moderate time pressure, however, teams with the heuristics may have had
;5 greater capacity to consider and to apply the heuristics to their
< decisions.

K Both statiwtical and obsmervational {findings along with skepticism
,g‘ about the SWAT ratings lead to favoring the wsecond interpretation, For
»: 09
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example, 8ince there were no statistically significant effects of time
preszsure or of any interaction {nvolving time pressure on resource

comnitments to wuncertain events, it oould be that the heuristioc
concerning handling of uncertain events was particularly esasy to apply.
1t 80, it may have routinized dacisions about those evenis and become
equally useful under high or moderate time pressure.

On the other hand, observations of the best three and the poorest
three teams suggest that applying the heuristic to look for high-value
combinations of eventa involving 2-person-4-points-per-person events may
have heen more difficult, Poor teams (all operating without heuristics)
completed more 8-point events under moderate time pressure, when they
had more time to choose events, than under high time pressure. For some
of those 8-point avents (about the same proportion as under high time
pressure) , the third pearson found a B-point event to complate once team
members had chosen to work the 8-point events. Therefore, their
increased rate of completing high-value combinations simply matched
their increased rate of completing 8-point events., The best teams (all
operating either with the heuristios or with a heuristics-like
strabegy) , completed the same number of 8-point events but more high-
value combinations under moderate time pressure than under high time
pregsure, Oombinations of eventa were apparently more difficult to
identify than #ingle events, With more time to search for high-value
combinations, teams with heuristics-oriented wtrategies tended to
complete more high-value combinations under moderate time pressure than
under high time pressure. Since applying the heuristic on high-value
combinations seemed difficult, applying it may have exceeded information
processing capacity a% the high time astress level but not at the
moderate level, .

Finally, the second interpretation attributes the lack of impact of
the heuristics on perceived workload to one or both of two f{actors. The
routinizing effect of one or more of the heuristice may have been
counteracted by the difticulty in applying other heuristics, resulting
in no net effect on perceived workload. The second factor iy that BWAT
ratings may not have adequately captured perceived workload.

100




If the 4decond interpretation is correct, there are interesting
implications for supporting dynamla intellective tasks in practice
{perhapd dome monitoring tasks ewdociated with air traffic control or
aircraflt cockpit operations) that seem worthy of exploration, Up %o
¥ome vundetermined level of @stress, providing decision rules to human
decigion makers may be sufficient to assure good performance., Beyond
the point at which applying the deciwion rules exceeds information
procassing capacity, however, other mechanisms, gfuch as invoking expert
system support, may be more effective,.

In future studies, the impavt of the heuristics thamselves on
information processing capacity should be assessed, The effects of
variations in the scope of the heuristica and in the form in which the
heuristics are provided would help to explain the interactive effects of
time stress and heuristios,

6.1.1,3 Inte ve te ()
Strategy. Practice did not change the effects of heuristics on decision

quality nor did it modify the finding that heuristica had no effeat on
percelved workload., Although the results of this study failed o
demongtrate statistically that practice ocould attenuate differences in
decision quality between teams with heuristics and those without,
subjective wevidence wsuggested that wome teams without the heuristios
moved, at different rates, toward a heur'stics-oriented strategy. The
one team in the top three that did not have the heuristics adopted a
gimilar strategy early and ocontinued to evolve toward a strategy that
clogoly matoched the heurisztios. They completed & high proportion of
high-certain-valued events and ocombinations of events, avoided low-
valued wevents, and remained reasonably well synchroniced, They alwo
gradually increased the number of uncertain events about which they
gsought additional information and became increasingly welective about
committing resources to uncertain events with high expescted value,

One of the bottom threm teams abruptly incressed attention to
uncertain events in the last two trials and realized obvious
improvements in their scores., Given additional trials, they may also
have further refined their strategy to approach the heuristics. Other
teams without the heuristics (including the other two bottom teams)
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::'.::;; seened to gzettle early on n strategy and to maintain it throughout the
| expariment. Research about how and why some groups chooss o innovate
while others maintain initisl strategies would be useful,
'ﬁﬁ 6.1.1.4 Information Presentation Form and Decision Quality. The laok
ﬁ;; of a statistionlly mignificant effect of information presentation form
' l or of any interaction involving information presentation form on
!f:;': decigion quality in the TRAP ix an important {inding. 1t reinforcen
'ng findings that humane adapt readily to and perform consistently under a
R variety of task conditions [LEMABS),
. The lack of wstatistically wsignificant perfermance differences
ﬁﬂ% batween groups wusing dingle~featured ocoding wschemes and those using
:ig conjunctive schemes should not be taken as aevidence against feature
h%& integration theory, Tests of the theory typically presant objects only
(; . until participants make a response (less than 3 seconds for displays
e with density comparable to &he TRAP displays) LTREIBO]. The intent of
Eégi attention research is to detect differences in the jnitial mental
R processing of the object., TRAP events, by contrast, remain visible and
:3}_ available for initiating resource commitments for up to 20 seconds undpr
‘ﬁﬁ' - high time ostredw and up to 40 seconds under moderate time stress, The
:%ﬂ ralative longevity of TRAP events provides the time for confirmation of
R the identity of every object, Any disadvanbage in initial mental
,jr processing of TRAP events presented via any particular coding scheme may
%ﬁs be compensated for by bhe opportunity to confirm the location and
i%i identity of the events.
‘gk The lack of performance differences between groups using a color
b coding scheme and thode using an alphabetic scheme supports previous
ﬁﬁ? findings that there are 'no olear and consistent advantages for any one
‘ﬁk virual code set over the others® [CHRIB3, p. 83]. Both color and
ot alphabetio wohemes sre excellent for loombing objectw [DAVIB3),  TRAF
;;ﬁ event longevity probably slso contributes to comparable performance with
k%ﬁ either single-featured coding schems,
gié 6.1.1.8 Summary of Primary Result. The major raesearch outcome suggests
i) that e{forts in both Information systems research and decision support

system design could benefit greatly from a foous on aiding the decision
procegs itself, Declision support technology, particularly alternative
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computer-bagsed forms of presgenting information, have been the (focus of
many research efforts, Advances in graphics technology make research in
applying the new tools tantalizing, The results of this study suggest,
howaver, that researchers have been probing only the tip o!f the iceberg.
A greater gain in understanding decision making and in learning how to
improve decision quality depend on probing what lies beneath the surface
-- the process by which decigion are made,

This study illustrates the benefits of applying simple decision
rules to a dynamic group intelleotive task involving uncertainty., Teams
with heuristics (or using heuristics-oriented strategies) adopted a set
of behaviors that ocontributed to {mproved decision quality. The
behaviors they adopted represent departures {rom the biases evident
among teams without the heuristies. Bince the decision processes used
by‘thc groups appear to have been related to group member biases,
Huber's program model seems 4o provide a reasonable description of the
group decision process in the context of this study (HUBESBL), Further,
{t seems to be poswible to directly intervene in the group's decision
procesy and to overcome member biases by providing a suggested decision
stratogy (training). .

This study wshould be cousidered as an early exploratory study of
the effects of decision process interventions on group performance. Just
ad the need for programs of research (rather than one-shot experiments)
was stressed for olarifying bthe {impact of graphics on decision-making
(DICK8S, BENBBOa), progress toward understanding the impact of decision
heuristion will he bvest achieved through programs of research.
Additional studiew on the impact of different types of heuristics on
tasks with different levels of structure are needed to fully explain the
relationships of heuristice-aided decision processes to decision quality
and group perceptions,

6.1.2 piscusgjon of Other Findings.

The discussion for each of the following {findings explaing the
results In the context of relevant theory and related research findings
and itdentifies implications of the findings for research and practice.
6.1.2.1 La { Findi R rceived Workload. SWAT ratings
were captured as an alternative and potentially more sensitive measure
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Zi;; of the impact of the independent variables in the TRAP, but SWAT ratings
| ‘. were not, in faot, more sengitive than TRAP scores, SWAT ratings
:gﬁ{ captured the largest effects (e.g., the effects of time stress), bub
gﬁﬁ, misged many of the more interesting effects.
:ié} Observational findings suggest that BSWAT ratings may not always
c ) have been a valid measure of an individual’'s perception of the workload
iié 1mpou|d by & partiocular trial. For example, when faced with a question
fﬁ3 about the time astress imposed by a just-completed trial, some
jﬁéﬁ participants were heard to ask others whether the trial had been a fast
or a slow one, BSome participants may have applied an algorithm to
gﬁi routinely assign & particular rating based on the objective speed of the
'¥§5 trial rather than on their perceptions of the stress involved. Ratings
';&I of the paychological stress (confusion, {frustration, etc.) imposed by &
Q' ) trial may also not have been consistently valid; iatingl may have been '
g%i influenced by bthe level of performance achisved on & trial, Team
Eﬁ% conversations subsequent to low-~scoring trials sometimes {ndicated
ﬁgég intent to  inoreswe ratings of paychological stress, even though
breakdowns in team communication o»r coordination rather than increased
trial diffioulty acoounted for the low ascore. Other measures of

workload, a¥ well as measures of decision confidence, satisfaction with
the declision process, and other paerceptions, nhould be caplured {n
further studies to more fully explain the impact of changing taak
conditions,

» Given the longevity of TRAP aevents on the display, aspects of
performing the TRAP other than locating and identifying the events may
have had greater influence on workload perceptions, or example,
aygassing the value of committing resources to various jLnsaible
combinations of aevents is a frequently recurring and a potentially
difficult mental task in the TRAP that would not be {nfluenced by
di{ferences in coding eschemes, Any difference in the event
identification workload aswoolated with a particular coding scheme may
have beaen overwhelmed by the demands of the more difficult value
uedegsiment task, which way the wame for all coding schemes. Knowing
which aspects of a task contribute most to its difficulty should aid {n
determining where deoiwion aids would be most useful,

104

A DL T YR M AR YR YA L AT

o ewledle ala Vg al's ATEINSS MR- Wt e ek, ’ . o heb SO '
= wie ale ala yVg Aa Ve ab. av, gha o .Iu‘l. . .’l:_._if. .l;_..u.v.i:.,_h*quan.mL.i da,Aun E:.,. AT ".‘,_S""‘ A ST R S PR A
e NS e St A




TRYR LS o G Y

i
‘"
|
»
N
U

o cem b bal ves gd hae

%

* - o »2ATH v o . 2 bl ’ v, A e A = B 1 g i B
ale 0o ale Alaain dot's nntsalndtde. D S I L S L P I T T i
. el Bt . :

The lack of e{fect of the heuristios, in partiocular, on perceived
workload may have been due in part to workload associated with applying
the heuristiocs to a decision situation, Any ocontribution of the
heuristics themselves to the load on the human information processing
system could ocunteract the benefids of roubinizing TRAP decisions, The
net effect would then involve no apparent influence of tha hsuristics on
perooiéod workload, Further studies should asvess the impact of varying
the scope of the suggested decision strategy.
6.1.2,2 Effegts of Time Btreys. Groups performed bebtter and perceived
lowsr levels of workload under moderate time preggure than under high
time pressure, Measures of bthe effects of time presgure in bthis study
reinforce similar effects in earlier studies (BROWAS, WILSB7), Time
prossure did make the TRAP more difficult and may, therefore, be an
appropriate mechanism for manipulating tesk dl!tiodiby in other decision
environments, particularly for dynamic intellective tasks,

This study, however, examined effects at only two levels of time
sireas. Especially given the finding that time pressure interacted with
the heurietics wuch that the heuristios wseemed to lose their
effectiveness under high time pressure, studies are needed to examine
effects at other levels of time pressure, It would be valuable, for
example, to identify & point at which awitching {rom process support via
heuristics to expert system wupport might be appropriate. Additional
studies should alwo assoss the impact of stress awsociated with
variables other than time pressure (e.g., fatigue, adverse working
conditions, limits on communication).

6.1.2,3 Effects of Practige. Groups performed better and perceived
lower levels of workload with practice. It should be noted that

learning associated with the stespest part of the learning curve (the
Fower Law of Practice (OCARD8J]) may not have been reflected in the
results of this study. Teams completed a training session involving
briefings, competency tests, demonwtrations, and practice trials prior
to the start of session 1, Learning apparently continuad, however, into
the experimental sessions.

Practice had a positive influence on decision quality in this
study, but the nature of its {influence varied for different behaviors
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associated with devision quality, Overall performance, measured as the
ratio of the team's ascore to the computer model's score on the same

trial, reached itd peak in asession 3 and then maintained that level
through session 4, generally following expectations based on the Power
Law of Practice {CARD83) and reinforoing the resulty of earlier atudies
(BROWSS, WILS8T]. However, scores for behavioral (factors that
contribute to overall TRAP performance followed different curves. The
ratio of a team's points earned from certain-valued events peaked in
seseion 2, then returned to a level comparable to that in session 1. On
the other hand, information seeking activity related to uncertain events
didn't peak until session 4, Taking these two factors and the videotape
review results together, the learning process could be characterized as
following two phases, In the (tirst phase, teams tend %o become more
efficient at handling TRAP decisions according to an initial strategy.
In particular, given a biag toward certain-valued events, teams become
capable of completing more ocertain-valued events in a ¢given period of
bime, In the wsecond phase, teams btend to make adaptations to their
strategiesd, usually involving diverting wome attention from certain-
valued to uncertain eventis.

Workload perceptions were lowest at the same point that decision
quality reached its peak (seswion 3), reinforcing the link to the Power
Law of Practice [OARDB3), However, in mession 4, workload percepiions
returned to the higher level of sevsions 1 and 2. 1% could be that the
beneficial effects of learning on perceived workload in this study were
confounded by fatigue effects. Bessions | and % were conducted in s
single 2-hour sexsion with jusb a short break in between, There was no
signitioant differenve in perceived workload between the two sessions;
fatigue in wsession 2 oould have counteracted the learning effects,
Sesyions 3 and 4 were conductod in another 2<hour sesduion on a separate
day. Parceived workload was at Lts loweat in seassion 3 when learning
was nearly oomplete and the participants were f{resh; with no further
learning {nto wsession 4, {fatigue could acoount for the perceptions of
increased workload, Replicating bhis study with different wcheduling
approaches would help to separate the learning and fatigue effeats,
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6.1.3 Qther Observational Findings
As indicated in Chapter 8, Kimble, McNeese, and Goodyear examined

the effects of emergent leadership on TRAP performance in & wstudy run
aoncurrently with this experiment, They found no statistical evidence,
ueing meavures of the relative frequenocy and duration of talking among
team membery, that amergent leadarship had any effeat on group decision
quality (KIMB87], Reviews of the data and videotapes for the top three
and bottom three teams, however, reveal asome interesting patterns.
During the experimental sessions, the time apent in verbal communication
by the top three teams averaged nearly five times that spent by the
bottom three tesms. What verbal communication thers was among the
bottom teamsg, none of which had the heuristion, was dominated by one
member of each team. The top two teams, boblth of which had the
heuristics, shared verbal communication time fairly equally among twe or
all three team membera, COommunications on the third-place team, which
did not have the hauristics, was dominated by one team member. Thexe
resulty reinforce the expectation that the heuristics would improve the
likelihood that at least two team members would 'see’ the correct
angwerd in the TRAP, an {ntellsctive task for which "truth, supported,
wins® (MCGRB4],

The behavior of gome teams suggestad that time spent in verbal
communication was not an adequate measure of either ocommunication or
emargent leadership, Some teams, including several that achieved high
per{ormance scores, tended to communicate only by exception. They may
have set prioritied for committing resourcves to the various types of
events during the training session or during breaka (which were not
videntaped), Then during the experimental sesdions, team membery seemed
to wsimply move their oursors in wunison to chowen aevents without
varbalizing direcbtions., They verbalived, then, only when a team member
deviated from the expected pattern or {f a particularly noteworthy
situation developed. Additional research oconcerning the impact of
information technology on communication and leadership is needed, For
example, group members in this sbtudy ocould see what actions other
mambers took on the display; what effects would private screens or
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public acreens available only on demand have on performance,
comnunication patterns, and group leadership?

! One posgible mechanism of communication and leadership in the TRAP
wag 'leadership by cursor movement.' The videotapes were not reviewed
‘ at a level of detail sufficient to detwotl if a team member consistently
5 moved his/her aursor to & display row ahead of other team members, In a
visually oriented task, howaver, such movement could have provided a cue
for others to move, and thus ocould have served ocommunication and
leadership purposes, Further studies ocould tap the richness of
information from videotaped seysions to clarify the roles that
p communication and leadership play in dynamic group choice tasks like the
TRAP,

6.2 Conclusions

The following two smections identify research implications of this
study's limitations and provide a final summary of the key findings.
6.2.1 Limitations and Theipr Implications {or Researchers

Following are some implications for future researchers based on the
limltations of this study.

1. The benefits of the heuristics mey have been achieved at the

expense of taxing human ocapacity to process information., The scope of
the heuristics and the means fer presenting them may be important
) variables that should be testad in replications of this study.
N ‘2,  There were {ndications in this study of strategy changes for
! some teams operating without heuristios. Further research about the
nature and timing of wtrategy innovations among teams with and without
heuristics, including an analysis of the process by which a team decides
to  adapt Lts s#trabtegy, would help to olari{y how providing decision
rules affects the deciwion process.

3., The practice variable in this study may have been confounded
with fatigue effects, Replicating the study with alternative
esperimental session scheduling approaches would help to clarify bhe
relative impact of practice and fatigue.

4, To the aextent that dpeed of recognition could contribute teo
performance on a dynamio visual task, attention theory was a useful
bawis for seleoting coding schemes bto best, Because of bthe longevity of
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3@? events on the TRAP diaplay, however, thig study wag not an appropriate
test of feature inbogrdtion theory itself (a theory of attention). A
jf?' saparate study would be required to detect whether the single-fewtured

Tf- codes used actually differed from the conjunctive scheme in speed of
initial event identification/location in a TRAP display.
N 5. SWAT ratings, as alternate measures of the impact of
'ﬁf' independent variables in this study, were not as sensitive as
ii$ anticipated, It would be useful to test SWAT ratings against other
fﬁﬁ measures of perceived workload for the TRAP and for other mental tasks,
, ‘ It would also be useful to examine effects of heuristics in the TRAP on
pﬁﬁ other pearceptions (satisfaction with the decision process, confidence {n
fhﬁ decisions, eto.),
'= 6.2.2 Summary of Key Findings
- ) The most important finding of thim :tudy was that, in o dynamie
Eé& group choloce task, heuristics had a much greater pomitive impact on
-Qﬁy decision quality than did varying the coding scheme by which decision
Eik data was presented., This result, taken in combination with the findings
- of Cats-Baril and Huber (CATS87], strongly suggests foousing additional
g?_ ' development and research attention on how to directly aid the decimion
,gg process (e.g§., by providing decision rules). It could be that the
-E@ technology by whioh decision information is presented is less important
) than how the technology is used.
i&? A second major finding reinforces the concept that training by way
-ﬁ?- of providing decision rules helps to overcome human biases in handling
.ﬁﬁ uncertainty [FISC82]. Decision-making groups tend to choose between
1; certain and merely probable gains according to prospect theory rather
%gg than expectad utility theory [KAHNT®). In thie watudy, groups without
353 heuristics also relied on a variety of strategies other than one based
*ﬁ on expected wutility to ochooss among probabilistic gainsg, Given
A!:A heuristics that encouraged choosing acoording bto expected utility,
ig; however, groups adopted the recommended strategy and thereby improved
}23 their performance, Further research should help to identify other
;zz decigion environments in whioh training for handling uncertainty would

be benelicial,
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APPENDIX A
SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE (SWAT)

The Subjective Workload Assessment Technique (BWAT) provides a
e ure of mental workload aewsociated with task performance. 1t was
devs..pad on the basis of additive conjoint messurement methodology for
application originally to problems related to airoraft pilot workload
(REIDB1). 1t has since been validated on a variety of laboratory tasks:
probability monitoring, memory wupdate, ocontinuous recall, awpatial
memory, linguistic processing, mathematical processing, grammatical
raatoning, maze learning, and othera (REIDES],

SWAT measures workload on three dimensions: time load, mental
sifort load, and psychological stresw load, Each dimension is judged on
a three=point scale; a definition of each dimension and {ta associated
scale follow:

Time Load (refers to the fraction of the totsl time bthat the
suhject {8 busy)

1+ Often have apare time. Interruptions or overlap among
activities ocour f{nirequently or not at all.

2, Occasionally have spare time. Interruptions or overlap
among activities ooour frequently.

3.  Almost never have spare time. Interruptions or overlap
among activities are very {requent, or ocour all the
time.

Mantal Effort Load (an index of the amount of attention or mental

effort required by a task regardless of the number of tasks to be
performed or any time limitation)

1. Very little conscious mental effort or concentration
required, Activity is almost automatic, requiring little
or no attention,

2. Moderate oconscious mental effort or concentration
required, Complexity of activity is moderately high due
to wuncertainty, unpredictability, or unfamiliarity,
Considerable attention required,

3, Extensive mental effort and concentration are necessary.
Very complex activity requiring total attention,
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* Paychological Biress Load (refers to the ocontribubion to total

workload of any oconditions that produce anxiety, (frustration and

vonfusion while paviorming & task or tasks)
1. Little confusion, risk, {rustration, or anxiety exists
and can be sasily accommodated.

2. Moderate gtress due to confumion, {rustration, or anxlety
noticeably adds to workload. Signiffcant compensation is
roquired to maintain adequate performance,

3, High to very intense atress due to confusion,
frustration, or anxieby, High to extreme determination
and self-control required.

The BSWAT is & two-sbep procedure involving a scale development
phase and an event scoring phawe. In the socale development phase, each
subject performs & sort, ranking ail 27 possible combinations of bhe
levels of each dimension from lowest to highest workload. If there is
sufficient wgroement among bhe subjects’ rankings, » single group soale
io developed using conjoint analysis (group scales have been posuible in
all the gtudies to date), If bhere iv inauifloient agreement, wubgroup
or even individual soales may be developed.

The event scoring phave invelves collecting Jjudgments from each
subject on weach of the workload dimensions following completion of an
activity, For this research, the woale for each dimension appeared on
each subject's ORT at the end of each TRAP *rial, The combination of
judgments was bLhen assigned & soale value from the wcale developed in
the scale development phase.
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APPENDIX B
SAMPLE TRAP INSTRUCTIONS
Team Resource Allocation Problem
Alphabetic Coding

Before you take aseats, please take a card which will determine
whether you will be team member A, B, or ¢ {for the sbudy. (Subjects
draw cards and are wseated at appropriste sevats.) Each team member has
hie/her own display snd control box at the workstation.  You will
conmunicate with your teammates through the headphones provided at the
workatation, The miorophones on the headsets are called lip mikes
because Lhey are intended to ba kept nearly touching yeur lips. To hold
the background noise to & minimum and to hear your voices clearly,
pleanse remember to keep the mike in this position, (Damonstrate)

GENERAL INSTRUCTIONS

This experiment {s concerned with how team members work with one
wnobher to acoomplish tawks, You and your teammabes will work together
to decide how best to allocate team resources (your work time) for the
good of the team in a bask which involves the processing of various
bargetn, You will work on some targets ourself, and on other targets
with one or both of your teammates. The major portion of the display
will have 1]l rows. Targets, represented as cirales labelled A, B, C, D,
and E will appear randomly in wach of these 11 rows. You will earn
pointy for the team by working on these targets before their time runs
nut and they leave the sorewn, Working on & target wimply means
gsalecting & target by using the buttons on your control box to move a
cursor, pressing the start button, and waiting & few seconds for the
target to be processed, Because more targets than you can possibly work
en will appear on the screen, the particular targets you choose, and
their point values to the team, will be quite important, Therefore, it
‘¢ necedgary for you bto learn how the point values of targeis are
vutesmined, Please listen carefully,

ALPHABETIC CODING

Tae pnint value of weach target depends on two things: the number

of requitc . workers and the latter that appesars on bthe target, Overall,




the point value of o target is proportional to the number of required
werkears., The average value of all the targets is 3 points per person.
Targebts requiring one, &two, or three workers are therefore worth an
average value of 3, 6, or O points, respectively, for the team, Whether
a particular targeat (s worth this aversge value of 3 points per psrson,
or uomgwhub more or less, depends on the letter that appears on the
varget,

Since the letter A suggests importance or urgenay, you will see
that targets coded toward the beginning of the alphabet are worth more
points on the average than targets coded later in tLhe alphabet. With
this notion of mlphabetioc order in mind, let'sw examine the speciiic
point values axsigned to the different targets. (Give subjects the
pofnh values table.)

The point values assigned to the different targets are shown in the
table,

=« A targety are worth 5 points per purson

=~ B targets are worth 4 points per person

=« 0 targets are worth & points per person

== D targets are worth 2 points per person

== E targets are worth | point per person

You should now be able to determine the point value of each target
by knowing the number of required workers and the letter that appesrs on
the target,

POINT VALUE TESTING

Because your understanding of the point values is oritical to this
study, 1 am going to have you complete a short test Lo demonstirate your
knowledge of the point values of each target, Before taking the test
please examine the summary table of the point values and feel free to
avk questions about b, (Pause) Do you have any questions before you
take the test?

(Give gubjects the test, If any questions are miswed, discusy the
question with the subject to insure his understanding and then give him
a naw test., Repeat this proocedure until all subjects have answered all
the questions correctly.)

We are ready to continue. (START APPROPRIATE DEMO)
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DEMONSTRATION

This is a demonstration of the TRAP task. As you can see, there
arn 11 rows on which targets appear abt random and move across the screen
from left to right, The black squares in covlumns A, B, and C indicate
which operators are required to work on sach target, The scale at the
top represants 30 time unite, .

Working on & targebt is very wimple, All you do i¥ move your
marker, & green asterisk, to a target row and press the start button on
your response box, Work aubomabioally begins, and after a ghort time
(10 time units), your team will receive the appropriate number of points
for completing the target, Thede points are automatically added %o the
nccumulated pointe display (show), When you begin work on a target, a
black bar will appear in that bterget's row, The bar represents the 10
time units required to complete processing of the target, The target
will move tbthrough thea bar asd the processing proceeds. When bhe Larged
moves oub of the bar, processing of that target haw been completed, In
order to complete a bargeb bafore it leaves the soreen, you will have to
start it before it reachey the black dashed line (while the target iz in
the opportunity window),

Work on each target can be done only by a particular team member or
combination of team members. As the control box before you indicates,
you are either team member A, B, or G, You can work only on those

targets which have a black square in your column, If a target hag more
than one black gquare in front of {t, both or all three corresponding

team members will have to work on bthe target at_ the game time in order

to complete b,

To work on a target, you musb move your marker to the vorresponding
black square, You move the marker by pressing the buttons labeled up
and down on ysur control box. Go ahead and move your marker around.
Notice that If you press the up button when you are on the Lop row, your
marker moves to the bottom row, Similarly, i{{ you press the down bubton
when you are on the bottom row, the marker moves to the top row,

Once you have the marker on the row corresponding to the target you
with to work on, all you have to do is press the start button, 1f you
are the only team member required for that target, work sutomatically




bagins and the black square will turn yellow., However, if one or more
ndditional team members are raquired for the target, the black square
will turn pink. This means that you are waiting to work, Work will
begin only when all the required workers for the target have moved their
markars to the target and prewsed their wsbtart buttons, When this
occura, all the squares will turn yellow indicating that work has begun,

Whils you are working on a target or waiting for another team
member at a target your marker will turn red. You can move it to any
row you choose in preparabtion for the next targeb you may wish to start,
When you become free, your marker will return to its green color
indicating that you are resdy %o press the atart button for another
tardet,

You may wish to stop working on a target bofore completing it, To
de thig you simply press the RESET button on your control box. Your
marker will turn gresn indicating that you are free to start another
target, 1f others were working on the target with you, they will alwo
have to press btheir RESET buttons to work on a different target, You
will receive no points for targets which are not fully completed, 1f
you choose you may begin to process the target over again, bub {b will
take a full 10 time units to complete it. The RESET button is also used
whan you no longer wish to wait for other team members at a particular
target.

Processing of each target takew 10 time units (TUs). A TU {9 some
arbitrary number of geconds. The ourrent example trial has a TU of 3
geconds, 1t takes 30 TUs (in this example 90 geconds) for a target to
move ¢ompletely across tho wscreen, During the actual expariment, the
number of seconds for &« TU will be lews, That is, the targets will move
across the screen more quickly and the time spent processing each target
will be less,

The table in the lower right hand portion of the digplay indicates’
whether sach team member {# free, waiting, or working. A black squarae
indicates that a particular team member is {free, while a blinking pink
gquare indicates that & particular team member is waiting, When a
partlicular team member i{a working, a numeric countdown, in TUs, will



®
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ﬁﬂn indicate how much processing time remains until the team member will be

. finishad with the current target.

ﬁ?- The countdown for each target will start at 30 TUs when a target
'ﬁgf is at the left-modt part ©f the scresn, and decrease at a constant rate
ffﬂ at the target moves to the right, When a target is at the end of the
';1 opportunity window (the black dashed line), the countdown will be at 10
féﬁ TU¢. The target leaves the screen at 0 TU., Since each and every target
zﬂg raguires 10 TUs f{or processing, knowing how many TUs a target will
fgl remair on the sereen can be useful to you ag you decide which targets to
) work on, and when to work on them, In addition, comparing this
jﬁ? :nformation to the countdown of team membars who are currently working
j&ﬁ ‘show) , ¢an provide vital information about whether there will be enough
2;2 time to process particular targets, For example, if a team member has 8
. 5 TUz remaining before completing a particular target, he will not be able
3&? to complete both that target and snother target that currently has only
o |5 TUg remaining.

7%% The object of this exercize in to accumulate asg many points as

o possible as & tewm. This means discussing alternatives with the other
Ea; members of the team in order to make optimum selection of targets. As
@%ﬁ there will be more targets than the team ocan possibly process,
B combinations of  targets whould be selected which optimize team
5& parformance and total point count.
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APPENDIX C
INSTRUCTIONS FOR TRAP WITH UNCERTAIN EVENTS

Now that you are familiar with the basic TRAP, we would like te
introduce a variation, In order to study how teams perform with
incomplate or uncertain information, we have added events for which the
point value ia initially wunknown, The team may choose to query the
system to gain more information about these events before deciding
whather 4o commit to processing them,

The UNCERTAIN EVENTS, which appear on the wsocreen oas black
rectangles, all require three persons to process them. There are two
features of these events which may vary:
= 1. Probability of Payolf: the probability that a team will
i ) actually get the points for processing the uncertain event {s either 80%
(high) or 20% (low) .

2. Point Value: there are two possible point values for each

el

level of probabillity of payoff.
These two features taken together result in four types of uncertain
events as whown in the following table:

TABLE C.1 Types of Uncertain Events

! Probability

s of Payoft Point Values

,

: High (80%) T (21) 3 (9)

.I

Low (20%) 28 (84) 12 (36)

Events with a high probasbllity of payofit, then, have an 80% probability

| of giving points and may be worth either 7 pointe per person (21 points
for the team) or 3 peints per person (9 points for the team). Events
with a low probability of payof{ have a 20% probability of giving points
and may be worth either 28 points per person (84 points for the team) or
12 points per person (30 points for the team). Each of the {our btypes
of uncertain events i equally likely to ocour.

c-1
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There id a cost in time (2 TUs) required to get information about
the events. Taking into account the time cost, the uncertain events are
on _the average about equivalent to a 10-point three-person event (3.3
points per poflon). '

Initially the wuncertain events appear on the =zcreen as black
rectangles with no information about the probability of payof! or point
value, In ordar to query for information, all three members must move
their markers to that row and press their wstart buttons, just as you
would to work on an event., Two TUs after the three team members have
pressed their start buttons, information about the event will appear on
the black rectangle. The information will include either an H or L, for
high or low probability of payoff, respectively, and the total number of
points the team may earn for processing the event.

At the time the information is obtained, the team may choose to
procags that event, which they ocan initiate Dby prossing bthelr start
buttons a asecond time (uncertain events, like the other TRAP events,
require 10 TUs for procesding), or they may choose not to process that
event, in which case they are f{ree to move their markers to another
avant or events., The team may choowe, if time allows, to query for
information on more than one uncertain event before selecting an event
or events to process.

The rules and procedures for procwssing the uncertain events are
axactly the same as those for the standard TRAP events.

Ag with the basic TRAP, the object of the task ig to accumulate asz
many pointe ag powgible as a team This means discussing alternatives
with the other members of the team in order to make optimum selection of
events, The uncertain events may be viewsd simply as additional
altarnatives. As there will be more events than the team can possibly
procegs, combinations of events should be wxelected which optimize team
performance (total poiﬁb count) .

0 : A T, o
o AV tue mi -t tam iy ey o bov. e nem -n-\--.---- - o .




APPENDIX D
INSTRUCTIONS FOR TRAP WITH HEURISTICS

A heuristic iw a ‘rule of thumb' or a wimplified approach to a
problem that grows out of experience with similar situations. It may
not always lead to the best wsolution to & given problem, but it
generally provides a good wsolution that oan be identified quickly and
eanily, For example, an appropriate heuristioc for the TRAF task might
te ,'Always work 3-person A targets.’ People who have had experience
with TRAP have suggested several heuristica for TRAP, and we encourage
you to digouss and to use the heuristios ag you start to perform the
tasgk,

HEURISTIC #1: In addition to 3-person A targets, look for a 2-person B
target, espacially with a l-person A target,
A 2-person B target worked at the same tims as a l-person A
target gets 13 points for the team. 0f the "for sure’
targets, only a 3-person A target or three Il-person A targets
worked at the same time get more points., Even a l-person ¢
target worked at the wame time as a 2-person B target gets
more points (11) than many combinations that may be available,

HEURISTIC #2: Next, check as many uncertain targets ag you can,

Immediately take L84 or H2l; ignore L3O and HO,
Heuristic #2 comes from the expected value of the uncertain
torgets, or bthe average payoff you'll get for working those
targetas cver time., Taking into acoount the time delay to
identify the targets, the wuncertain targets are worth on
average about 10 points for the team, (In other worde, you
should take ocombinations of ‘for sure’ targets that are worth
more than 10 points before you check uncertain targets.) You
can compute the expected value of an individual uncertain
target by multiplying the probability of payoff by the points
available, For example, the expected value of an L8B4, once
you identify it, is (0,2) x 84 = 16,8, Therefore, an L8B4 will
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only pay off one out of five times, but the payoff iy big when

it comes. Your suore on one trial may not show the benefit of

selecting an L8B4, bub your overall average woore will, An H3!

alwo gete an expected value of 10.8, so it is just azs valuable

a8 an L84, The expected value of an L38 or an HO, though, i#

only 7.2, which is #0 low that there are aimost always better
' options available,

HEURISTIC %3: Ignore D and E targets,
There will almost always be a better combination available

than one that involves 1- and 3~ peint-per-pervon targets,

HEURIBTIC #4: Keep the toam synohroniced, All three team members
should astart a target or btargets at the same time.

If you can't start working a tbarged very clove to the same

time as your teammates, you're betber off to stay {res until

they are free again bhan Yo whbard working w» l-person targed

that comes along after they've gtarted., You'd just end up in

an endless round of waiting for womeone to be free to start

team tardets. '

Do you have any questions about the heuristics? (Answer questions)

You may now have 8 minutes to disouss the heuristios and any other

strategies you might choose to adopb.

D-3




HEURISTIOS HANDOUT

HEURISTIC #1: In addition to 3-person A targets, look for a 2-person B
target, especially with a l-person A target,

HEURISTIC #2:  Next, o¢hack a3 many uncertain targets as you can.
Immediately take L84 or HR1l; {gnore L3O and HO.

HEURISTIC #3: JIgnora D and E targets,

HEURISTIC #4; Xeep the team asynchronized. All three team members
ghould gtart a target or targets at the same time,
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APPENDIX E

o " CONBENT FORM

' . y having full coapaclity to consent, do
hareby volunteer to participate in & resesarch study entitled,
"feam Rewource Allocation Froblem," under the direct'on of Mo,
Danire L, Wiloon, Dr. Cliftord Brown, and Maj D.J. Mchride. The
dezivion to participate in thie research s complately valuntary
on iy part., No ohe has coerced or intimidated me into
participating in thiw program. I am partlcipating because 1 want
ke, has adequately answered any and all
auestions | have about this study, my participation, and
procwdures involved: 1 understend that

Wwill be avallable to answer any quaotions concerning procedures
Lhreughout this study. 1 understand that 1f significant new
findingn develop during the course of thiw research which may
relate to my decinion to continue participation, I will be
informed, 1 further understand that I may withdraw thips conownt
Ak any timw and discontinue further participation in this study
withouk prejudice to my entitlements, 1 alse understand that the
madical manitor of thie study may terminate my participation (n
Lhis study it he or she fewls this to be in my best interest.

[ understand that my particlpation in this study may be
photographed, filmed or videotaped. 1 consent to the use of
thaoe media and understand that any records of my participation
in thiw study may only be discloued according to {federal law,
including the Federal Privacy Act, 8 USC 392a, and its
implementing regulations. '

I understand that my entitlement to medical care or compensation
in the evant of injury are governed by federal laws and
regulations, and i I desire further information | may contact

I FULLY UNDERSTAND THAT 1 AM MAIKKING A DECIBION WHETHER OR NOT TO
FARTICIFATE. MY SIGNATURE INDICATES THAT 1 HAVE DECIDEDL TO
FARTICIFATE MAVING READ THE INFORMATION FROVIDED ABOVE,

M
M

Blgnature Date Time

I I'ave briefed the volunteer and answered quentions concerning
the rwsearch project,

Blgnature ‘ Date




ADDENDUM TO THE CONBENT FORM
Eiperiment: Team Resource Allocation Froblem

You are ipvited to participate in an experiment designed to study
how people {n teans work with ona another to complete & number of
kaskw, The situation you will he exposed to has theworetical
nimllarity to those encountered in command, control, and
communications (C®) systems of the UBAF. A better understanding
of the processes by which team members complete tasks will anmist
in improving these C™ systums. Your exposure to the sgquipment is
limited to your watzhing the CRT screen at a distance of about
two feet for approximately two hours per day for threse days,

Thiws dows not invelve any known risks.

In the experiment, you will be cbwerving & computer generated
display of a repressntation of a work snvironment. By prassing
pushbuttons on & response box you will work on taske individually
and witkth your team memberw., Recaunm therw will be more tasks
available to you than you can complete, the particular tasks you
and your team memberw choose, and when you ghoose them, will be
of primary ({nterest. You wil) receive further detalled
instructions at the beginning ot the experiment.

The responses you make, and the times at which you make them will
be recorded for later wnalysis, Audie and video recordings will
Alno be made for submecguent study. Your name will be recorded
alonyg with the dates and times at which the superiment 1w
performed. Your confidentiality as a participant in this project
will be protected., Your identity will only be revealed in
accordance with the Privacy Act, 8 UBC 8582 and it implementing
regulations, A pumeric code will be used to ldentity the data in
any publication.

Any monetary beneflits will be in accordance with BRL/AIr Force
Apreements,

You are free to refuse to participate or to withdraw your
participation in the skperiment at any time., Doing wo will not
prejudice your relation with the Laboratory in any respect,

Any quentions you may have should be directed Lo Ms, Deniow
Wilwon (97572) or Majd D.J. McBride (57870),

Your willingneans to participate in this experiment Ll greatly
appreciated. Your mignature indicates that you have decided to
porticipate, having read the information provided above.

*OU WILL RE GIVEN A COFY OF THI8 FORM TO KLEEP.

Blgnature

\




APPENDIX F
INSTRUCTIONS FOR SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE

Mental workload refers to the amount of an individual's capacity
that fa used in the performance of & given task, The amount of capacity
uged depends on the individual (ability, effort, training, experience,
ete,) and on the demands of the sydbtem and the btask.

Among the methods available for measuring workload are performance
and subjective measures, Performance meagures are based on the
nssumption bthat performance declines as workload approaches the upper
limit of an individual's capacity bto exert effort., In other words, when
workload approaches an individual's capacity, he or she begins to make
srrors,  However, since paople tend to adapt to tasks and to hold bheir
performance constant over & range of conditions, performance measures
may not reflect adequabtely the {impaab of changes in the condibions,
Before performanca breaks down, the individual might be working harder
to avoid making errors., The individual's wubjecbive feslings could then
bo used to {ndiocate the additional effort, providing & more sensitive
meAgure of the impact of changing task condibions,

The BSubjective Workload Assessment Teuhnique (SWAT) has been
developed by the Air Foroce Aerospace Medical Research Laboratory to
answer the need for a subjective measure of workload. B8WAT (s a two
shep process contisbing of a wsoale development phase and an evend
rcoring phase. During the scale development phase, participants provide
the date necessary to develop & workload soale for each {ndividusl. Ab
the event sooring phase, the individuals rate the workload associated
with & perticular teask.

You are about to participate in the socale development phase of
BWAT, which 4involves worting a» deock of ocards, BWAT distinguishes three
dimensions of workload: time load, mental effort load, and
pdychologioal sbtress  load, For aeach of the three dimensions, thres
levels have been defined, The three levelw of three dimensions yleld 37
posgible combinations, To help us develop your workload scale, please
rank order the 27 combinations according to your own perception of the
workload represented by each combination. Your rank ordering will then
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be converted to a personalized 0-100 workload ascale by means of the
mithematical procedure of conjoint analysis,

In completing your card sort, please consider the workload impowsed
by the combination represented on each card, and arrange the cards from
th; lowest through the highest workload condition., You may use any
strategy that you choose in rank ordering the cards, One strategy that
hae proven wugeful to others is to first arrange the cards into a number
of preliminary stacks representing °‘High," ‘Moderate," and ‘Low'
workload, Individual cards ocan be exchanged between atacks, (i
necessary, and then rank ordered within stacks, Btacks can then be
recombined and ohecked to be sure that they represent your ranking of
lowest to highest workload. However, the choice of strategy is up to
you and you should chouse bthe one bthat works best for you,

There 1ig no ‘school wsolution® or one ocorrect order for this
problem. The correct order s what, in your judgment, best deseribes
tha progression of workload from lowest +to highest {n general rather
than for any specific tawk., That judgment differs for each of wus., 1t
ig important that we are nobt asking for  your preferengs on workload.

Some people may prefer to be ‘busy' rather than 'idle,' but we do not

need to know that preference. Instead, we need information on how the
three dimensions and the three levels of each one will affect the level
of workload as you wsee {t, You may prefer moderate levels over low
lovels of the dimensions, bub the low levels wshould impose lews
workload,

You will need a desoription of the three dimensions of workload and
definitions of the levels within each dimension to complete your card
gorh, [ will provide that information, and you may al#o vonsult your
handout, Flease feel free to ask questions at any time,

TINE_LOAD |

Time load refery to the fraction of the total time that you are
buny,  When time load is low, sufficient Vime i avaliable to complete
All of your mental work with wsoms time to apare, As  time load
increnves, spare time drops out, and soma awpects of performance overlap
and interrupt one ancther, This overlap and intearruption can ocome {rom
performing more  than one tesk or from different aspects of parforming
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the same task, At higher 1levels of time load, aspects of performence
often occur simultaneously, vru are constantly busy, and interruptions
are very f{requent.

Time load may be judged on a tlves voint scale:

1. Time Load
l. Often have spare time. Inte vuptions or overlap among
activities ocour infrequently or not at all,
2. Qucasionally have spars time, Interrupbions or overlap

among activities ocour frequently,
3,  Almost never have spare time. satar~uption. or overlap

among acbivities are very {requent, or ocour all *“\v time,
MENTAL EFFORT LOAD

Time load refers %o the amount of tlmo'ono has available to perform
& Lask or taska, In ocontrast, mental peifort load s an index of the
amount of attention or mental effort ;;bqu;rod by a btask regardlevs of
the number of tasks to be performed or uﬁy;&imo limitation. Vhen mental
elfort losd i low, bthe oonecnbroblqn.nnﬁ sbbention required by a bask
i minimal and performance is nourly"tutomubtu. As the demand for
mental weffort inareases, bhe dcgf&n of oconocentration and adttendion
required to perform inoresses, due o task complexity or the amount of
information which must be dealt with in order b0 periorm adequately,
High mental effort load demands total attention or oconcentration due to
task complexity or the amount of information to be deslt with,

Mental effort load may be judged on a three-point scale:

1T, Mental Effort Load

1. Very llttle aconscious mental effort or conceantration
required. Avtivity 1 nlmost asutomatic, requiring littlea or no
attwntion,

2. Moderate oconscious mental effort or oconcanvration

required., Complexibty of activity is moderately high due to uncertainty,
unpredictability, ¢r unfumiliariby, Oonsiderable attention required,

3.  Extensive mental sffort and concentration are necessary,
Vary complex activity requiring total attentiun,
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STRESS LOAD

Stress load refers to the contribution to total workload of any
el conditions that produce anxiebty, frustration and confusion while
ﬁfh performing a task or tasks., At low levels of psychological stress, one
‘ fecle ralatively relaxed, Ay stress increases, confusion, anxiety, or
e frustration increase and greater concentration and determination are

;Q. required to maintain control of the situation,

éﬁs Stress may be judged on a three-point scale:

X1, Stress Load

e l. Little confusion, risk, frustration, or anxiety exists
égg and can be easily socommodated.

af' 2. Moderate stresy dus to confusion, frustration, or anxiety
RXS noticeably adds o workload, Significant compenmation is required to
':L : maintain adequate performance,

§$§ 3. High to very intense streds duse to confusion,

frustration, or anxiety, Righ to extreme determination and self-contirel
Vo required,
The letters you ses on the back of the cards are bo allow us %o

;5: arrange the cards in a previously randomized sequence so that everyone
;;gi gats the same order. If you examine your deck you will see the order on
! the back runs from A through 2 and then ZZ. These letters have nothing
-a‘ to do with your arrangement of the cards; they simply allow us to put
gge the cards back into the same starbding sequence for the next person who
:&: eovhy the deck,

"' During the event scoring phese, events will be rated using the same
gvﬁ degeriptors used for scalu development, Asked to provide a EWAT rating
:ﬁ: far & particular avent, an individusl would agwign either » 1, 2, or 3
Eﬁ; to sach of the three dimensions of time load, effort load, and stress
2 load axperienced during that event., The numbers for each level of the
{;Ei three dimensions are defined as in the scale development phase. These
k&: three ratings correspond to one of the ocombinations created in the
sﬁi ordering procedure for ascale development. Your workload scale value
R/ computed for this particulsr ocombination of bthe three {actors is then
RO the subjective workload woore assigned to the event,
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From this point until you have completed the smorting will probably
take 30 minutes to an hour, Please feel (ree to ask questions at any
o time. Thank you for your cooperation,

s SWAT HANDOUT
o 1. Time Load

fﬂﬁ l. Often have spare time, Interruptions or overlap among
“- activities ocour infrequently or nob at all,

" 2. Occasionally have spare time, Interruptions or overlap
i smong activities ocour {requently.

ﬁ? 3., Almoat never have spare time, Interruptions or overlap
) among aobivitiew mre very frequent, or ocour all bthe time,
‘”“ . I1. Mental Effort Load

;? I Very little oconsoious mental effort or concentration
%g required, Activity (s almowt automatic, requiring little or no
" attention,

. 2 Moderate oconscious mental effort or oconcentration
;: ' roquired, Complexity of acbtivity is moderately high dus to uncertainty,

) unpredictability, or unfamiliarity, Oonsiderable attention required,
AT 3. Extensive mental effort and concentration are necessary.
Vory complex asctivity requiring total attention,

.SE 111, BStress Load

e 1. Little confusion, risk, frustration, or anxiety exists
e and can be easily sccommodated.

oy 2. Moderate stress due o confumion, frustration, or anxiety
g; neticeably adde to workload., Bignificant compensation {# required to
ﬁf maintain adequate performance, '

O 3. High to very intense wtress dus o confusion,
:E frustration, or anxiety, High to extreme determination and welf-control
%g required,

A/
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"APPENDIX G

Team Resource Allocation Froblem

Test of Foint Value Understandlng

YEIRHIUN 3
MHame . Team Worliert A & C
Latw ' Bewslon

One-fervon Events
:l M

ls [f A processus

!
the team will accumulate

points.
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@y LlF B processes
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polntg. '
; 2. 1§ C processes A the twam will accumulate
pinto,
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points,
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— points,

T 1f ABC together process - the team will accumulate
e pointw, -

Y, 1+ ABC toguthur procasws c Ehc toam will accumulate
_ points,
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APPENDIX H

K Team Resource Allocation Problem

; : Tast of Heuristice Undecntanding
7 VERSIUN 3

,'; Hame ‘ Team Worker: A B C
: Date Session

fach of the following diagrams represents & limited version of a
situatinn yvyou could face in the TRAP, Using the heuristics you
have laarned, acamine weach diagram, select the action that is
muat appropriate, and respond to the guestion followinyg the
Jiagram. :

A R C

e an

® ]
RO,

L] Jroreesy
‘ .

B e

al
; "i 2

FMlosase {ndicate which 1ine or combination of lines your team
should worl ons
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"lease indicate which line or combinmtion of lines your team
nhoule work ong '
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alh Get twam to reset and start work om line 1

Bugguat 1ine 2 as nwut target after completing line 9
Buggest line 3 a8 next target aftear completing line 9
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Gut twem Lo reset and start work on line &
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N - APPENDIX 1
STATISTICAL RESULTS

,E This appendix ocontains the detailed results for all dependent
; variables used in the study, Tables [.1 through .9 provide cell means
. and variances for sach of the following variables:
» . == SCORE = (TEAM SCORE) » 100 / (MODEL BCORE)
f% -=  %CERT = PROPORTION CERTAIN
iR «« ]PL-1PT = ] PLAYER, 1 POINT/PLAYER EVENTS
-~ 2PL-2PT = 2 PLAYERS, 2 POINTS/PLAYER EVENTS
jﬁ -~ 2PL-4PT = 23 PLAYERB, 4 POINTS/PLAYER EVENTE
ft. ‘«-  3PL-BPT = 3 PLAYERS, 5 POINTS/PLAYER EVENTS
EE -« INFO = INFORMATION BSEEKING (INFO/S1 indiocates information
L) . seoking activity in experimental session 1)
5& ==  COMMIT = RESOURCE COMMITMENTS (proportion of wuncertain events
Hﬁ to which resources are committed wsubsequent to weoking
" information)
. ==  BWAT
ﬁ? "~ Tha tables of means and variances are followed by Tables I,10 and I.l1l,
M .
-?' which present raw data for all variables.
b
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;

M TABLE I.1 OELL MEANS AND VARIANCES

' SCORE = (TEAM SCORE) » 100 / (MODEL SCORE)

u (n = 4)

.

‘ With Heuristiow Without Heuristics

| Sesuion Session

; i 1 2 3 4 | 2 3 A

) Color|Fast|mean| 66,8 70.2 71.8 73.7 | 63.4 65,8 €8.3 67.3

X std | 82 3.2 1.0 63| 71 7.8 3.8 8.

| Mod |mean| 3.0 83.0 67.8 67.0 | 73.3 74.4 T7.0 71.3

std | 6.8 2.8 4.0 43| 6.4 3.8 8.0 8.8

Alpha|Fast|mean| 68.7 64.4 73.4 08.4 | 63.0 64.5 0683 868.3

std | 3.1 8.7 3.6 07| 6.8 9.7 2.4 10,3
" Mod |mean| 70.7 80.0 70.4 83,8 | 74.7 77.8 810 790.7

0 ’ std | 8.3 3.7 3.4 B2 6.2 3.0 9.8 1.4

ConJ |Fast|mean| 683.6 68.5 64,1 09.3 | 60.6 67.0 67,2 68,0

N  fsta | 78 73 39 33| 48 42 18 4.3

Mod |mean| 78.1 61.9 63,7 84,0 | 76,0 74.0 7.3 78.9

'. id | 3.8 6.4 8.2 5.0 | 3.4 48 8.8 0.4
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TABLE 1.2 OELL MEANS AND VARIANCES
PROPORTION CERTAIN

' (n = 4)
With Heuristics Without Heuristicws
Session Session
) 2 3 4 1 2 3 4

Color |Fast monnl 0.308 0,320 0,328 0,312 ]0.071 0.788 0.707 0,88)
std | 0,000 0.073 0,062 0,003 )0.188 0.238 0.237 0,133
Mod |meanj 0.330 0.385 0.334 0.345|0.610 0.703 0.632 0,802
atd | 0,074 0,080 0,119 0,039 [0.188 0.217 0.233 0,380
Alpha [Fast Imean| 0,819 0.567 0.474 0.463 | 0.8560 0.0624 0,830 0,883
std | 0,144 0,188 0,138 0,101 ]0,262 0,108 0,313 0,248
Mod |mean| 0.521 0,824 0,808 0.480 | 0,805 0,858 0.464 0.479
std | 0.080 0.1890 0,078 0.043 |0.,145 0.106 0,214 0,292
Conj [Famt|mean| 0,343 0,411 0,487 0,438 [0.50% 0.586 0,548 0,408]
std | 0.083 0.048 0,108 0.102]0.281 0.247 0.108 0,343
Mod [mean| 0.372 0.444 0.410 0,804 |0.8512 0,578 0,318 0.498
std | 0,083 0.037 0.008 0.083 |0.163 0.174 0.210 0,183




TABLE [.3 CELL MEANS AND VARIANCES
| PLAYER, 1 POINT/PLAYER EVENTS

1

{(n n 4)

With Heuristios

Session

3

4

Without Heuriatics
Sesaion

|

3

4

Color

Fast

meAn
abd

0.030
0.023

0.010
0.030

0.030
0,020

0.000
0,000

0.118
0.009

0.040
0.04¢

0.138
0.173

0.008
0.073

Mod

mean
atd

0.030
0,020

0.030
0,030

0,030
0.033

0.010
0.030

0.118
0,073

0.170
0.087

0.1328
0.102

0.118
0.073

Alpha

Fant

mean
std

0.020
0,023

0.040
0.033

0.003
0.074

0.040
0.033

0.040
0.033

0.080
0.038

0.030
°|osa

0.083
0.074

Mod

mean
shd

0.040
0.033

0.008
0.078

0.083
0,001

0.003
0.0%8

0.043
0.078

0.003
0.087

0.083
0.088

0.083
0.004

Con}

Fast

mean
etd

0.010
0.020

0.000
0,000

0.010
0.020

0.083
0.113

0,080
0.023

0.073
0.120

0.073
0,069

0.003
0.100

Mod

mean
std

0.020
0.040

0.010
0.030

0.040
0.048

0.070
0.0230

0.080
0.038

°|°B°
0.020

0.083
0.087

0.0063
0.081




TABLE [.4 CELL MEANS AND VARIANOCES
2 PLAYERS, 2 POINTB/PLAYER EVENTS
(n = 4)

With Heuristics

Without Heuristics

fession Se aion _
o l ) 3 4 ! 2 3 4

Color|Fast|mean| 0,000 0.010 0,000 0,000 0,030 0.083 0,030 0©.03¢
std | 0,000 0,030 0,000 0,000| 0,038 0.001 0,040 0.023

Mod |mean| 0,010 0,000 0,000 0,020 0,033 0.008 0.008 0,073

std | 0,020 0,000 0,000 0,033)0,00%5 0.073 0,004 0.073
Alpha|Fast|mean| 0,010 0,000 0,010 0,000} 0,083 0.010 0.010 0,043
gtd | 0,020 0,000 0,020 0.000]| 0,081 0.030 0,020 0,081

Mod [mean| 0,030 0.0.0 0,030 0,010]0.010 0,040 0.020 0.000

std | 0,038 0.03" 0,020 0.020] 0,020 0,048 0.040 0,000

Conj |Fast|mean| 0,000 0,010 0,020 0.030]0,063 0.083 0,033 0.083
sbtd | 0,000 0,020 0,023 0.038] 0,081 0,108 0.068 0,100

Mod |mean| 0,073 0,030 0,020 0,020 (0,083 0.008 0.00% 0,083

std | 0,084 0.023 0,023 0,033 |0,084 0.044 0.044 0,081




TABLE 1.9 CELL MBANS AND VARIANCES
2 PLAYERS, 4 POINTS/PLAYER EVENTS

(n = 4)
With Heurimtios Without Heuristics
Session Bession
1 2 3 4 l 2 3 4

Color| Fast|mean| 0,200 0.220 0.213 0,108 [0.533 0.885 0.333 0,308
std | 0,143 0,100 0,118 0.093 [0.104 0.289 0.171 0,181
Mod |mean| 0.303 0.368 0.260 0,385 |0.523 0.%63 0.833 0.480
sbd | 0,133 0.138 0.207 0.078 |0.187 0.372 0,287 0,188
Alpha| Fast|mean| 0,366 0.493 0,400 0,368 (0.383 0.343 0.380 0,323
std | 0,334 0,368 0.381 0,1790.223¢ 0,373 0.301 0,337
Mod {mean]| 0.873 0,883 0.530 0.8543 [0.345 0.470 0.313 0.318
utd | 0,287 0,217 0.203 0,122 [0.103 0.264 0.308 0,280
Conj |Fast[mean| 0.108 0,308 0.323 0,338 |[0.450 0.488 0.440 0,348
std | 0,100 0.116 0.180 0,143 [0.330 0.218 0,230 0.337
Mod [mean| 0.203 0.458 0.388 0.823 [0.470 0.483 0.428 0.408
std { 0,107 0.107 0.124 0,110 [0.188 0.180 0.333 0.174




TABLE 1.6 OCELL MEANS AND VARIANCES
3 PLAYERS, 8 POINTS/PLAYER EVENTS

(n = 4)
With Heuristics Without Heuristics
Bession Bemaion
1 2 3 4 l 2 3 4

Color| Fast| mean| 0,008 0.813 0.070 0.008) 0.670 0,670 1,000 0,878
std | 0,110 0,230 0,060 0.119] 0,060 0.080 0.000 0.102
Mod |mean| 0.008 0,008 0.878 0.8483] 0,038 0,678 0.040 0,848
std | 0.110 0,119 0,280 0.120] 0,128 0,380 0.060 0,188
Alpha|Fastimean] 1,000 0.878 0.070 0.040) 0,038 0,070 0.878 0.878
std | 0.000 0.174 0.000 0.060]0.128 0,060 0,380 0.17¢
Mod |mean| 0.070 0,070 0.040 0.036|0.008 0.040 0.848 0,048
std | 0,060 0,000 0,080 0.1238}0.110 0,060 0,237 0,310

ConJ |Fast|mean| 0,008 0,070 1.000 0.008 | 0.84% 0.878 0.818 0,818
#td | 0.119 0,000 0,000 0.1190)0.310 0,280 0.078 0,317
Mod |mean] 0.008 1,000 1,000 1.000]|0.040 0.008 0.040 0,670
std | 0.110 0,000 0,000 0,000} 0,000 0.1190 0.0860 0,080
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TABLE I.7 OELL MEANS AND VARIANCES
INFORMATION SEEKING

(n =)
With Heurlastics Without Heuristics
Sevaion Session
i 2 3 4 1 2 3 4

Fagt| HO | mean| 0,884 0,840 0,483 0.888} 0.313 0.206 0.338 0,386
atd 0.181 0,168 0.111 0.173] 0,146 0,227 0.180 0,163
H2l | meani 0.B835 0,880 0.838 0.53%8] 0.208 0.321 0,368 0,360
atd 0.136 0,180 0.181 o0.16€¢) 0.181 0.231 0,278 0.3%3
L38| mean]| 0.575 0.820 0.835 0.828) 0,320 0,328 0,300 0,371
atd 0.180 0.134 0.147 0.108] 0,101 0,210 0.336 0.167
L84 | mean| 0,831 0,836 0.838 0.631]| 0,338 0,293 0,328 0,383
std 0.142 0,132 0.187 0,148 0,300 0,183 0,227 0.300
Mod | HO| mean| 0,340 0.802 0,630 0.017)0.362 0.388 0,417 0.438
atd 0.116 0,133 0,128 0,183 )0.176 0,338 0,308 0,230
H31 | mean| 0,080 0.883 0.638 0.630 | 0.4%4 0,388 0,%0 0.513
atd 0.161 0.117 0,137 0,183 ]0.170 0.333 0.2% 0.37¢
L36| mean| 0.688 0,802 0,600 0.613]0.413 0.413 0.4% 0.47%
std 0,106 0,300 0.100 0,104 0.204 0,247 0,200 0,344
L84 | mean| 0,013 0,638 0,613 0.628]0.478 0.379 0.417 0.479
std 0.140 0,171 0,177 0.110]|0.166 0,183 0.331 0,308
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TABLE 1.8 CELL MEANS AND VARIANCES
RESOURCE COMMITMENTS

O With Heuristios  Without Heuristics
- Fast Moderate Fast Moderate
D) _ Ho mean 0.000 0.007 0.484 0.448

o #d 0.000 0,014 0,337 0.327
- H21 |  mean 0.910 0.082 0,048 0.085

I atd 0.082 0.030 0,088 0.048
| L36 | mean 0.008 0,008 0,318 0.307
B utd 0,01t 0,013 | 0,389 0,348
N L84 | mean 0.904 0.038 0.743 0.718
L wtd 0.087 0.080 0,270 0.283
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TABLE 1.9 CELL MEANS AND VARIANCES

SWAT
(n = 4)
With Heuristics Without lleuristics
Session Sension
1 2 3 4 | ] 3 ]

Color| Fast | mean| 47.2 81.3 44.0 83.8 90.0 46.3 31,12 51.7
std 3.1 3.0 8.2 8.0 23,3 13.9 8.8 10.4

Mod |mean| 34,1 36.2 30.1 38,8} 31.4 3.4 237 I
atd 7.6 3.2 8.2 6.1| 20,8 11,3 11.7 20.4

Alpha| Fagt|mean| 40.7 4¥.3 43,1 48,1 ] 40.6 40.8 35,3 41,0
atd | 14,68 14.9 9.7 13.8 6.6 1l1.4 5.4 18,7

Mod Imean| 20,8 38.8 20,7 23.3| 33.3 33,1 17.8 28,7
vtd 8.7 6.0 5.0 5,71 10.1 22,2 14.0 20.0

Conj |Fastimean| 81.3 82.3 47,7 40.6 | 42.1 490.4 44,0 B0,
std | 10,3 12,7 17,0 9.1 1 1.4 8.1 7.3 0.8

Mod [mean| 38,5 40.4 30.5 38,3 3.4 410 20,0 34
#td P.4 31,8 10.4 18,7} 17,3 13.8 20.6 16.8
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TABLE [.10 Raw Dats
Aiphabetic presentation form, with heuristics
1PL-1PT 2PL-3PT 2PL-4PT O3PL-BPT %CERT SCORE SWAT
Team )| Fast| Sanp 1 0.040 0,000 0,830 1,000 0,083 63.8 9%8.2
2! 0.000 0,000 0.870 0.880 0.,%69 01,7 84,8
3] 0.040 0,040 0,710 0,880 0.387 70,2 47.0
4| 0,040 0,000 0,460 1,000 0.464 69,2 %8.9
1{ 0,040 0,080 0,700 1,000 0,618 79.2 30.0
2] 0.130 0,040 0,790 0,880 0,%61 7¥.% 32.8 ‘
3} 0.080 0,040 0,780 0,880 0,8%4 81.7 17,3
41 0.170 0,000 0,800 0,750 0.400 77.2 27.9
1| 0,000 0,040 0,400 1,000 0,%02 70.1 41,2
2] 0,080 0,000 0,710 1,000 0.,6%7 7i,1 33.8
3] 0,170 0,000 0.880 1,000 0,%09 73.6 40.8
4] 0.080 0.000 0.%40 0.880 0,874 08,2 4l1.8
1 0,080 0.040 0,710 1,000 0,828 82.% 1%5.9
2| 0.000 0,000 0,710 1,000 0,860 8.8 20,3
3] 0.170 0,000 0,700 1,000 0.%582 74.4 15.8
Al 0.080 0,000 0,710 1,000 0,513 69,6 15,9
Team 3| Fawt| Sess 1| 0.000 0,000 0,130 1,000 0,335 6%.% 123.%
)
3
4
1
2
3
4
1
?
3
4
1
2
3
4

Mod| Sess

Team 2| Fast| Sess

Mod| Senw

0.040 0,000 0,130 0.830 0,340 8.1 33.7
0.000 0,000 0,130 1,000 0,388 73.4 20.3
0.000 0,000 0,130 ©0.880 0,331 8.5 32,1
0.040  0.000 0.310 0,880 0.401 71.3 31,8
0.uv0 0,000 0,290 1,000 0,297 83.4 16,7
0.040 0.040 0,210 1,000 0.416 0.4 30.8
0.040 0.000 0.8540 1,000 0.484 2.4 27,
0.040 0,000 0.130 1,000 0,850 63.4 40.8
0.040 0.000 0.450 1,000 0,895 8.8 83,0
0.040 0.000 0.540 1,000 0,834 76,8 51,8
0.040 0,000 0.330 1.000 0.484 67.8 89,5
0.000 0,000 0.580 1,000 0,838 B5.8 18,7
0.130 0.000 0,480 1,000 0,888 82.7 33,8
0.040 0.040 0,330 0,080 0.481 81.3 26.8
0.080 0.040 0,420 1,000 0,480 84.8 22,7

Mod| Sess

Team 4| Fawt| Sess

Mod| Sern




TABLE 1.10, Continued

Alphabetic presgentation form, without heurisgtics

1PL-1PT 2PL-ZPT 2PL-4PT 3PL-BPT %CERT SCORE SWAT

Team 5| Fast| Sess 1] 0.000 0.000 0,130 1.000 0.462 55.4 51,2
2| 0.040 0.000 0.350 1.000 0.845 59,0 43.9

3| 0.000 0.040 0.040 1.000 0.412 68.3 30,0

4| 0.000 0.000 0.040 1.000 0.360 %1.8 33.7

Mod| Sews 1| 0.000 0,000 0.200 1.000 0.801 67.2 20.8

2| 0.080 0.000 0.420 1.000 0.393 73.0 14,7

3| 0.040 0.000 0.210 1.000 0.442 72.0 5.6

4| 0.000 0.000 0.130 1.000 0.443 73.5 18,8

Taam 0| Fast| Sees 1| 0.040 0.080 0.420 1,000 0.827 60.8 36.%
2| 0.080 0.000 0.540 1,000 0.829 66.8 36.%

3| 0.040 0,000 0.540 1,000 0.883 66,2 31.4

4| 0.040 0.130 0.580 0,880 0,770 7T1.9 31.4

Mod| Sess 1| 0.170 0.000 0.830 0.880 0.687 72,2 8.4

2| 0.080 0.780 0,750 1,000 0,731 79.9 28.8

3| 0.130 0.000 0.%40 1,000 0,726 75.3 20,2

- 4| 0.130 0,000 0.830 1,000 0,782 69.8 22.4
Taoam 7| Fast| Sews 1| 0.080 0,170 0,460 1,000 0.737 71.7 51.3
2| 0.080 0.040 0.580 1.000 0.73% 77.2 63,8

3| 0.080 0.C00 0.840 i.000 0.692 68,3 30,

4| 0.170 0.040 0.630 1,000 0,872 74.3 66.9

Mod | Sems 1 | 0.000 0,040 0,280 0.760 0.499 £80.8 48.3

2] 0.210 0.060 0.580 0.800 0,803 79.1 64.2

3| 0,040 0.000 0.420 0,880 0.7+ 94.0 38,3

4] 0.080 0.000 0.420 1,000 U.oiz 95.8 35,4

Team 8| Fast| Sess 1 | 0,040 0,000 0.000 0.780 0.352 84.0 40.3
2 0.000 ¢.000 0.000 0,880 0.391 55.1 4},1

3| 0.000 0.000 0.000 0.500 0.153 63.3 4v.6
4| 0.040 0,000 0,040 0,630 0.205 67.0 35.7

Mod | Sess 1 | 0.0C0 0,000 0.210 1.000 0.3352 78,7 37.0

2| 0.000 0.000 0.130 0,880 0,284 77.8 20.0

3| 0.000 0.080 0.080 0.500 0.203 82.7 8.1

4| 0.000 0.000 0,080 0.350 0.170 79.8 9.3




TABLE 1,10, Continued
"~lor presentation form, with heuristics

1PL-1PT 2PL-3PT 2PL-4PT 3PL-BPT %CERT SCORE SWAT
1] 0,040 0.000 0,210 0,750 0.277 77.% 44.0
2| 0.040 0.040 0.200 0,800 0.288 B8.3 48.8
3| 0.000 0,000 0,210 1,000 0.348 71.8 88.8
41 0,000 0,000 0.170 0,750 0,280 0B.2 8%.8
1] 0.040 0.040 0,330 0,750 0.201 900.3 26.4
2] 0,040 0,000 0.200 0,880 0,336 21,8 37.%
3| 0.040 0,000 0.130 1.000 0.390 901.5 390.0
4| 0.040 0.040 0,200 0.880 0.371 01.8 40.!
1| 0,040 0,000 0,420 1,000 0.460 67.6 B80.9
2| 0,000 0.000 0,200 1,000 0.411 73.3 47.%
3] 0.040 0.000 0.380 1,000 0.286 74.4 40,0
4 0,000 0.000 0,280 1,000 0.,3% 77.8 48.3
11 0,040 0.000 0.330 1,000 0,439 81.2 39.4
2| 0,040 0.000 0.50 1.000 0.417 86.8 38.8
3! 0,040 0,000 0.540 1,000 0,508 02.2 24.2
41 0,000 0,000 0.420 1,000 0,388 83,82 27,3
1
2
3
4
l
2
3
4
1
2
3
4
1
2
3
4

¥%nm 9 |Fagt| Sess

Mod| Sass

-

Taam 10| Fast] Sers

Mod, Sess

0.000 0.000 0.200 1.000 0.490 58.8 48.8
0,000 0.000 0.2850 1.000 0.,30) €9.1 85,9
0.040 0.000 0,130 0.880 0.240 70.3 238.9
0.000 0.000 0.080 0.880 0.234 #0.,5 65.4
0.000 0.000 0.420 1.000 0,301 74.4 41,7
0.040 0.000 0.460 1.000 0.38% 82,8 34.%
0.000 0.000 0,200 1.000 0.3% 81.90 20.9
0.000 0.040 0,420 0,7%0 0.314 82.9 40.2
0.000 0.000 0,080 0.880 0.345 62.3 45.3
0.000 0,000 0.080 0.7350 0.27% 2.2 9%3.0
0.040 0,000 0.130 1.000 0,328 70.5 46.6
0.000 0.000 0.200 1.000 0,387 0R.4 47.%
0.040 0,000 0,130 0,880 0.324 82.2 28.9
0.000 0.000 0.210 0,750 0.282 RO.9 43.12
0.000 0.000 0.080 0,500 0,228 8%5.6 33,8
0.000 0,000 0.200 0,7% 0,300 86,3 34,3

Tanm 11| Fast| Sess

Mod| Sess

Team |2|Fast| Sesx

Mod| Sess




TABLE 1.10, Continued
Color pregentation form, without heuristics

IPL-1PT 3PL-3PT 2PL-4PT 3FL-BPT XCERT SCORE BWAT
0.040 0.080 0.840 0.880 0.8586 72,5 28.4
0.080 0.210 0,880 1,000 0,880 72.7 38,8
0.080 0.000 0.630 1,000 0.741 668.1 36,1
0.080 0,040 0.630 ¢.880 0.872 71.86 30,8
0.040 0.000 ©0.460 1,000 0.431 81,7 12.3 |
0,170 0,170 0,710 0,500 0.720 71.8 20.8 ‘
0.130 0.130 0.710 1,000 0.767 71.8 14.8( -
0.310 0.170 0.540 0.830 0.842 73.3 22,8
0.250 0.000 0.670 1,000 0.003 056,85 34.7
0,080 0.080 0,980 1,000 0.986 62,2 33.!
0.380 0.080 0.670 1.000 0.087 63.2 26.3
0,170 0,000 ©0.3%0 0,880 0,568 65.4 B84.4
0,080 0.000 0.630 1,000 0.850 68,6 14.8
0,350 0,080 0,830 1,000 0.973 3.1 30.6
0,280 0,210 0,790 0.880 0.916 70.% 16,7 4
0.130 0,040 0,710 1.000 0.941 7¢.3 13,9 |
0.040 0,000 ©0.430 1,000 O0.%87 68,6 87,3 |
0.000 0,000 ©0.350 1,000 0.462 71.8.  81.4 g
0.000 0.000 0,200 1,000 0.437 73.8 39.8 ;
0.000 0,000 0.280 1,000 0.380 73.0 48.8
0.210 0.000 0,330 1,000 0,808 75,0 80,6
0.130 0,000 0.210 1.000 0.444 79.4 44,0
0.000 0.000 0.210 1.000 0.370 8%.3 33.1
0.040 ©.000 0.200 1,000 0,382 84.2 38,0
0.130  0.040 0,800 1.000 0.637 30.2 170.7
0,000 0,040 0,630 0,880 0.840 56,5 €3.4
0.040 0,000 0.800 1.000 0.864 6B8.5 47,0
0,130 0.040 0,330 0,780 0.886 69.3 64,3
0.130 0.130 0.670 0.750 0.645 08.0 48,0
0.130  0.130 0.%00 1.000 0.688 74.2 43.3
0.130 0.V40 0.430 0.850 0.47B 84.5 40,8
0.080 0.080 0,380 0,750 0.404 80.9 60,9

Toam 13| Fagt]| Sess

Mod| Sess

Taam 14 |Fagt]| Senms

Mod| Beas

Team [5|Fast| Sess

&

Mod | Senu

Taam 16|Fast | Sesa

Mod | Seas

..au._.paw._.paw-—.sc.:u-—-uau-—-aau-—-bmta-—-baw—-
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o TABLE 1.10, Continued
‘ Conjunctive predentation form, with heuristios
. IPL-1PT 3PL-3PT 3PL-APT 3PL-BPT XCERT SCORE SWAT
i Team 17|Fast| Sews 1| 0.000 0,000 0,080 1.000 0.286 71.1 51.8
o 2| 0.000 0.000 0.780 1,000 0,387 71.8 %0.8
) 3| 0.000 0.000 ©0.170 1.000 0.382 71.0 30.4
. 4| 0,000 0.040 0,130 1.000 0.342 64.8 35.2
i Mod [ Sesa 1| 0.080 0,130 0,330 1.000 0.408 83.6 26,3
o 2( 0.000 0.040 0.880 1.000 0.482 85.8 21.2
3| 0.000 0,000 0,280 1.000 0.310 ©1.%5 13,8
ﬁfg N A| 0.080 ©0.040 0.840 1,000 0,517 88.4 16.1
- Team 18|Fagt | Sosw 1| 0.000 0.000 0.200 0.880 0.482 65,0 48,1
B 2] 0,000 0,000 0.380 0,880 0.477 66,7 36.5
'S 3| 0.040 0.040 0,840 1,000 0,630 05.4 406.9
ﬁﬁg . 4| 0.250 0,000 ©0.380 1,000 0.5%3 70.0 40.8
e Sess 1| 0,000 0,080 0.420 0,750 0.425 75.6 44,1
e 2| 0,040 0.000 0,330 1,000 0.44% 72,8 35,1
n 3[ 0,080 0.000 0.420 1,000 0.500 76.7 16.3
Zﬁg 4| 0,080 0,040 0.420 1,000 0.430 82.5 30.8
%ﬁj Team 19|Fast | Sess 1| 0,040 0.000 0,130 0.780 0.374 B54.7 43,0
ol 2| 0.000 0,040 0,430 1,000 0,387 76,2 81.0
. 3| 0,000 0.040 0,330 1.000 0.495 63.3 41.5
§§§ 4| 0.040 0.080 0.480 0.880 0.493 2.5 43.4
oy Mod [ Sess 1| 0.000 0.080 0,250 0.880 0,333 75.4 38.3
s 2| 0.000 0.000 0,500 1.000 0.463 87.3 47.8
(B 3| 0.080 0.040 0.840 1,000 0.504 A81.8 37.8
o 4| 0.080 0,000 0,670 1.000 0.573 82,5 42.1
§$§ Taam 20|Fast | Sess 1| 0,000 0.000 0.290 1.000 0.355 71.7 65.8
e 2] 0.000 0,000 0,170 1.000 0.413 59.3 60.3
& 3| 0,000 0,000 0,350 1,000 0.444 63.9 73,1
B 4| 0,040 0.000 0.380 0,730 0.363 69,1 %09.3
By Mod | Bews 1| 0,000 0,000 0.170 1.000 0.322 77.8 46,3
v 2| 0.000 0,040 0,420 1.000 0,404 B81.8 67,8
3| 0.000 0,040 0,330 1,000 0,381 B81.0 54.8
4] 0,040 0,000 0,400 1.000 0.408 84.4 22,8

I-18




TABLE 1.10, Continued
3 Conjunctive presentation form, without heuristics
. 1PL-1PT 2PL-Q2PT 2PL-4PT 3JPL-BPT ACERT SCORE SWAT

;: Team 21| Fast | Besn | 0.040 0.000 0.170 0,380 0.221 B86.0 88.6
o 2| 0.000 0,000 0.330 0.%00 0,328 63.2 60,9
- 3| 0.000 0.000 0.380 0.750 0.363 69.1 83.1
K 4| 0.000 0.040 o0.210 1.000 0.3%5 73.2 3.6
- Mod | Sess 1| 0.000 0.000 0.350 0.880 0.312 74.2 89.2
o 2| 0,040 0.130 0,380 0.750 0,399 71.1 61.8
n 3| 0,000 ©0.040 0.210 1,000 0,360 52,8 56,9
ig 4] 0.000 0,000 0.200 1.000 0.401 76.3 35,9
i Taam 22|Fagt | Sexs 1| 0.040 0.080 0.540 1.000 0.714 65.5 41.1
R 4| 0,000 0,000 0,430 1,000 0.808 71.8 48,9
O 3| 0.310 0,000 0,800 0.880 0.810 68.3 38,3
i§E 4| 0,080 0.000 0.330 0.500 0.883 87,7 41,8
3 Mod | Sess 1| 0.040 0.080 0.480 0.880 0.850 80.3 325.0
& 2| 0,040 0.080 0,380 1,000 0.881 70.4 39.6
. 3| 0.080 0.130 0.420 0.880 0.803 77.8 9.4
i 4| 0,080 0.040 0,480 1,000 0,528 78.0 18.8
. Team 23|Fast | Sess 1| 0.080 0.000 0,380 1.000 0.565 56.1 368.5
i 2| 0.040 0,000 0,330 1.000 0.408 70.3 48,1
. 3| 0.000 0.000 0.170 0.780 0.337 85.4 47.1
0 _ 4| 0.000 0.000 0.170 0.880 0.262 88.2 32.9
s Mod | Sass 1| 0.080 0.000 0.480 1.000 0.480 72.4 33.4
o 2| 0.040 0.040 0.480 1.000 0.51¢ 76.6 30.8
o 3| 0.080 0.130 0.330 ©0.e80 0.333 78.9 33.8
“sk 4| 0,000 0,000 0,250 1.000 0.324 78.0 039.4
F Team 24|Fast | Sess 1| 0.080 0.170 0.710 1.000 0.881 64.1 32.8
0 2| 0,950 0.210 0.700 1,000 0.882 67.4 41,0
o 3| 0.080 0.130 0.710 0.880 0.883 85.9 41.8
«ﬂ$ 4| 0.210 o0.210 o0.870 o0.880 0.810 63.0 44,0
gﬁ Mod | Sess | | 0.080 0.130 0,710 1.000 0,708 78.9 20,2
o 2| 0.080 0,130 0.710 0.880 0.814 69,1 35.8
3 3| 0.310 0.080 0.750 1.000 0.774 69.7 19.4
P 4 0.170 0.170 0,630 ©0.880 0.743 75,3 23,5

I-10




a TABLE 1.11 Raw Data, Uncertain Events
Alphabetic presentation form, with heuristics

! INFO/S1 INFO/S2 INFO/S3 1INFO/S4 COMMIT
y Team 1| H21 | Fast| 0.300 0.450  0.400 0.5%0 | 0.882
y Mod | 0.400  0.400 0,45  ©0.3%0 | 0.917
: HO | Fawb| 0,280 0.380 0.8%00  0.400 | 0.000
: Mod | 0.380  0.450 0,600  0.88%0 | 0.000
: L36 | Fast| 0.300 0,350 0,300 0.3%50 | 0,000
g Mod | 0.300 0,380 0,800  0.880 | 0,000
L84 | Fast| 0.200 0.350 0.380 0,800 | 0.933
Mod | 0.450  0.480 0,800  0.750 | 0.930
Team 2 H21 | Fast| 0.400 0.350 0,250  0.400 | 0.821
Mod | 0.650  0.400 0.580  0.600 | 0.909
HO | Fast| 0.450  0.480 0,800  0.350 | 0.000
Mod | 0.500  0.400  0.300  0.280 | 0.000
L36 | Fast| 0.080 0.480 0.300  0.880 | 0.030
Mod| 0.680 0,380  0.6%0  0.400 | 0.000
LB4 | Fast| 0.800  0.400 0.680  0.400 | 0,927
. - Mod | 0.350 0,300 0,300 0,800 | 0.909
Team 3| H31 | Fambt, 0.700  0.8850  0.800  0.600 | 0.887
! Mod | ©0.780  0.780  0.300  0.4%0 | 0.918
HO | Fast| 0.500 0.600 0.350 0.78% | 0.000
Mod | 0.800  0.700 0,700  0.700 | 0.000
L36 | Fast| 0,700 0.600 0.450 0,600 | 0.000
Mod | 0.800  0.750  0.600  0.680 | 0.000
L84 | Fast| 0.450 0,880 0.680 0.800 | 0.918
Mod | 0.5%0  0.750 0,650  0.700 | 0,962
Team 4 | H2l | Fast| 0.350 0.300 0,800 0.8%0 | 0.972
Mod | 0.580 0.880  0.880  0.700 | 0.979
HO | Fast| 0.450  0.5%0  0.35  0.780 | 0.000
Mod | 0.380  0.850  0.600  0.4%0 | 0,024
L36 | Fast| 0.380  0.350 0.6%0  0.8%50 | 0,000
Mod | 0.300  0.800 0,700  0.5%0 | 0.000
L84 | Fawt| 0,380  0.300 0.400  0.380 | 0,803
Mod | 0.850  0.500 0.380 0,600 | 0,818
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TABLE 1.11, Continuad
Alphabetic pregentation form, without heuristics

INFO/81 INFO/82 INFO/83 INFO/84 COMMIT
Team 5| H21 | Fest ] 0.400 0,800 0.0%0 0.400 1.000
Mod | 0,680 0.800 0,780 0,780 1,000
He | Fast | 0,480 0.%00 0.600 0.8%0 0.762
Mod | 0,700 0,800 0.800 0.8%0 0.780
L36 | Fazt | 0.800 0.580 0.600 0.4%0 0.023
Mod | 0,800 0,880 0.900 0.700 0.000
Le4 | Fest | 0,680 0.400 0.580 0.880 0.133
Mod | 0,700 0.800 - 0,8%0 0.700 0.0081
Taam 6| H21 | Fast | 0.200 0.100 0.180 0.1%0 0.833
Mod | 0.300 0,300 0.300 0.180 0.908
HO | Fast | 0,080 0.180 0.300 0.180 0.000
Mod | 0,180 0,200 0.0380 0.300 0,900
L3¢ | Fast | 0.3%0 0.3%0 0.080 0.100 0,462
Mod | 0.3%0 0.180 0.200 0,350 0,333
L84 | Fast | 0,200 0,200 0.100 0.150 0.%38
Mod | 0,500 0.200 0.1%80 0.100 0,828
Toam 7| H31 | Fast | 0,380 0.300 0.200 0.3280 0,9%%
Mod | 0,800 0.480 0.480 0,800 1.000
HO | Famt | 0,280 0.280 0.400 0,180 0.871
Mod | 0,300 0.2%0 0.380 0.3%0 0.440
L36 | Fast | 0,150 0.100 0.3%0 0.450 0.0%3
Mod | 0.,3%0 0.400 0,300 0.0%0 0,118
L84 | Fast | 0,080 0.180 0.2%0 0.3580 1,000
Mod | 0,450 0.300 0.000 0.880 0.021
Team 8 | H21 | Famt | 0.0080 0.800 0.880 0.780 0.943
Mod | 0,700 v,780 0,000 0,080 0,970
HO | Fast | 0.4%0 0.6%0 0,%80 0.800 0.163
Mod | 0,580 0.700 0,780 0.6%0 0,094
L36 | Famt | 0,580 0.600 0,680 0.880 0.149
Mod | 0,080 0,700 0,780 0.800 0.138
Led4 | Famt | 0,880 0.480 0.680 0.0650 0.783
Mod | 0,700 0.700 0.780 0.700 0.877
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TABLE I.11, Oontinued
Color presentation form, with heuristics
INFO/81 INFO/83 1INFO/83 INFO/84 COMMIT

,

tgg Team 0 | H21| Fawt | 0,700  0.700  0.700  0.550 | 0.943
! Mod | 0,900  0.700 0,780  0.850 | 0,083
. Ho [ Fast [ 0,700  0.880  0.8%0  0.750 | 0,000
oy Mod | 0,600 0,300  0.800  0.8%0 | 0,000
. L36 | Fast | 0.600  0.800 0,780  0.8%0 | 0.000
b Mod | 0,780  0.780 0,880  0.700 | 0,000
} Le4 | Fast | 0,680  o0.680  0.850  0.780 | 0.942
o Mod | 0.780 0,700 0,880  0.8%0 | 0.088
ng Toam 10| Kal| Fast | 0.800  0.880  0.600  0.450 | 1.000
I Mod | 0,380 0,800 0,800  0.700 | 0.977
] . o | Fast | 0,400  0.480  0.450  0.480 | 0,000
B Mod | 0.8%0  0.880  0.800  0.850 | 0.000
o L36 | Fast | 0.850  0.480  0.480  0.480 | 0,000
K Mod | 0,700 0,550 0,800  0.450 | 0,048
» " [TLB4| Fast | 0.880  0.480  0.680  0.800 | 0.939
R Mod | 0.780  0.800 0,800  0.800 | 1.000
Iﬁf Twam 11| H21 | Fast | 0.800  0.700 0.650 o0.8%0 | 0,852
o Mod | 0,880  ©0.780  0.900 0,900 | 0.883
- HO | Fast | 0,750  0.650  0.800  0.480 | 0,000
ga Mod | 0.880  0.700  0.700  0.700 | 0.000
o L36 | Fast | 0.6%0  0.480 0.650  0.880 | 0.000
0 Mod | 0,750  0.800  0.800  0.800 | 0.000
%h L8d | Fast | 0.650  0.680  0.700 0.780 | 0.836
ﬁq Mod | 0,780  0.700  0.880  0.8%0 | 0, 083
- Team 12| Hal | Fast | 0.850  0.800  0.600  0.750 | 0,880
R Mod | 0.6%0 0,680 0,800  0.650 | 1,000
Ho | Fast [ 0.700  0.900  0.600  0.680 | 0,000
& Mod | 0,700  0.880 0,880 0,750 | 0,000
e L30 | Fast | 0,680  0.580  0.600  0.800 | 0.000
v Mod | 0.950  0.900  0.600  0.980 | 0.01%
{%; Led | Fast | 0,700  0.8%0  0.780  0.750 | 0.789
B Mod | 0.800  0.900 0,080 0,700 | 0,008
! I-19
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TABLE 1,11, Continuad
Color presentation form, without heuristics
INFO/S1 INFO/83 INFO/83 INFO/84 COMMIT

Team 13| H21 | Fast | 0.480 0.100 0.180 0.300 0.980
Mod | 0.4850 0.3200 0.250 0.,3%0 0.0080

HO | Fast | 0.280 0.080 0.200 0.380 0.520
Mod | 0,380 0.1%80 0.3%0 0.200 0.684

L36 | Fast| 0.350  0.100 0.180  0.180 | 0,383
Mod | 0.400  ©0.330 0,300  0.880 | 0.633

L84 | Fawt | 0.200 0.150 0.300 0.380 0.889
Mod | 0.8500 0.3280 0.300 0.180 0.818

Team 14 N2} | Foaxt | 0.000 0.000 0.000 0,200 1.000
Mod | 0,080 0.000 0.180 0.080 1,000

HO Fest | 0,300 0.000 0.080 0.400 0.733

L36 | Fast | 0.000 0.080 0.000 0.300 1,000
Mod | 0,100 0.000 0.080 0,080 0.800

L84 | Famb | 0.080 0.000 0.000 0.280 0.087
Mod | 0,180 0.100 0.080 0.300 0.400

Taam 18| H21 | Fast | 0.200 0,700 0.880 0.880 0.029
Mod | 0.500 0,000 0.7%0 0.7080 0.042

H9 | Famt | 0.480 0.380 0.45%0 0.800 0.037
Mod | 0,880 0.280 0.700 0.850 0.024

L36 | Faat | 0,380 0.880 0.800 0.850 0.000
Mod | 0.700 0.780 0,880 0.600 0.000

L84 | Faut | 0.600 0.400 0,000 0.8%0 0.884
Mod | 0,800 0.000 0.680 0.700 0.039

Toam 10{ H21 | Fast | 0.400 0.200 0.480 0.300 0.963
Mod | 0.500 0.880 0.580 0.750 0.930

H9 | Fast | 0.400 0.300 0.180 0,300 0.%68%
Med | 0,350 0.3050 0.400 0.%00 0.400

L3060 | Fast | 0.490 0.300 0.300 0.300 0.074
Mod | 0.480 0.400 0.400 0.480 0.020

L84 | Faut | 0,400 0.300 0.200 0.300 0.37%
Mod | 0.600 0.300 0.500 0.830 0.913

1-20




TABLE 1.11, Continued
Conjunctive predentation form, with heuristics

INFO/81 1NFO/BZ INFO/S3 INFO/S4 COMMIT

Team 17] H31| Fast | 0.700  0.880  0.800  0.780 | 0.942
Mod | ©.8%50  0.800 0,700  ©0.800 | 0.v81
Ho [ Fast| 0.700  0.880 0.680  0.750 | 0.000
Mod | 0.700  0.8%0  0.8500 0,780 | 0,000
L38 | Fest | 0.700 0.800 0.880  0.700 | 0,000
Mod | 0.780 0,050 0,680  ©0.680 | 0.000
L84 | Fast | 0.800 0.800 0.800 0,600 | 0.870
Mod | 0.600  0.800  0.8%0  0.800 | 0,880

Team 18| Hal | Fast| 0.480  0.800  0.400  0.380 | 0,883
Mod | 0.680  0.800 0,800  0.800 | 0,047
HO | Fast| 0.8%0 o0.2%0 0.380  0.380 | 0,000
Mod | 0,300 ©0.600  0.7%0  0.%00 | 0,043
L3s | Fast| 0.400 0.800 0.400 0.400 | 0.000
Mod | 0,800  0.800 0,400  0.8%50 | 0.000
Le4 | Fast| 0.450 0.4%  0.280  0.3%0 | 0,94l
Mod | 0.500 0,880  0.4%0 0,600 | 0,881
Team 19| H31 | Fast | 0.600 0.680 0.480  0.380 | 0.003
Mod | 0.780  0.880  0.850  0.400 | 0,979
HO | Famt | 0.880  0.400  0.380  0.400 | 0,000
Mod | 0.880  ©0.380  0.480  0.4%0 | 0.000
. L36 | Famt | 0.6850  0.400 0.800  0.400 | 0.024
Mod | 0.600 0.680  0.800 ©0.400 | 0.000
LB4 | Fast| 0.500  0.800  0.400  0.580 | 1.000
Mod | 0.600  ©0.800  0.400  0.800 | 0,976
Toam 20| H31 | Fawt | 0.580 0,400  0.800 0.480 | 0.947
Mod | 0.680 0,850  0.700 0,880 | 0,950
HO | Fast | 0.6%0 0,680 0.550 0.850 | 0.000
Mod | 0.600 ©0.800 0,730  0.800 | 0.020
L36 | Fest| 0.300 0.7850  0.800  0.800 | 0,000
Mod | 0,700  0.280  0.680  0.700 | 0.000
L84 | Famt | 0,580  0.850 0.600 0.780 | 0.863
Mod | 0.700 0,800  0.800  0.850 | 0,084
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TAULE 1.11, Continued
Conjunctive pregentation form, without heuristico

INFO/S)1 INFO/B3 INFO/S3 INFO/84 COMMIT
Team 21] H2I Fast | 0.400 0.400 0.400 0.880 1,000
Med 0.450 0.400 0.550 0.500 0,074
Ho | Fast | 0.8500 0.400 0.089%0 0.600 0.65%0
Mod | 0,400 0.480 0.450 0,350 0,784
L36 | Fast | 0,480 0.500 0.280 0,300 0.933
Mod | 0,8%0 0,800  0.780 0,300 | 1,000
L84 | Fast | 0.400 0.400 0.4580 0,280 1,000
Mod | 0.480 0.400 0.480 0.3%0 0.970
Team 23] H21 | Fast | 0.300 0.300 0.800 0.800 0,600
Mod | 0,580 0,380 0.%00 0.400 0,017
HO | Fasb | 0,200 0.380 0.300 0.4%0 0.000
Mod [ 0,200 0,850 0,380 0,800 0,000
L36 | Fast | 0.400 0.480 0.3%0 0,880 0,000
Mod | 0.400 0,700 0.700 0.600 0.000
Lé4 | Fast | 0.300 0,480 0.300 0.300 0.960
Mod | 0.480 0.800 0,380 0,080 0,697
Team 33| H21 | Fast | 0.280 0,080 0.700 0.6%0 0.887
Mod | 0,880 0,500 0.780 0.700 1,000
HO | Famt | 0,380 0.680 0.400 0.400 0.083
Mod | ©.480 0,000 0.600 0.800 0.082
L30 | Fast | 0.450 0.4%0 0.%80 0.850 0.028
Mod | 0.280 0.480 0.850 0.080 0.114
L84 | Fast | 0.400 0.480 0,380 0,780 0.907
Mod | 0.800 0.800 0.600 0.000 0.760
I'eam 24| H31 | Fast | 0.080 0.100 0,080 0.0%0 1,000
Mod | 0.280 0.080 0,100 0.300 0.0%7
HO | Fast | 0.100 0.000 .30 0.200 0.800
Mod | 0.200 0,300  0.300 0,300 | 0.700
L36 | Fest | 0.080 0,000 0,080 0,200 0.6833
Mod | 0.180 0,100 0.180 0.100 0.800

L84 | Fast | 0,100 0.180 0,080 0.18%0 0.778
Mod | 0.200 0.200 0.1%0 0.200 0,933
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